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ABSTRACT 


Missile defense systems currently under development 
rely on thermal Infra-Red (IR) seekers to detect and track 
incoming ballistic missiles. Atmospheric properties, like 
temperature and density, can greatly afiest the amount of 
IRE energy that is reflected off a targeted missile. 

While many models to predict mean atmospheric 
conditions exist, there are no global models that account 
for the variability in these properties. This shortcoming 
makes it difficult to assess uncertainty due to atmospheric 
conditions. 

For this reason, a model that is adjusted for known 
extreme values is needed for use in describing the global 
behavior of atmospheric. parameters. This study is in 
Sienore of MSIC’s development of a Bounded Earth Atmospheric 
Model (BEAM) . This Seay will attempt to create such a 
model through statistical analyses on an - existing 
atmospheric model. It is expected that BEAM will primarily 
be used by designers of IR sensors used in missile defense 


systems. 
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I. INTRODUCTION 


A. BACKGROUND 

Over the past two decades, the nature of the air threat 
faced by U.S. forces has changed from being posed primarily 
by fixed-wing aircraft to include ballistic and cruise 
missiles. As a result, missile defense is now one of the 
main roles of air defense forces. Protecting forces from 
missile attack requires the ability to both detect and 
intercept the missile. | 

The Army and Navy have modified their current air 
defense systems (PATRIOT and AEGIS, respectively) to defend 
against missile attacks. These systems detect targets and 
perform missile guidance with radar; also, they rely on 
proximity-fused warheads to kill the target. Due to the 
extremely high closure rate in a we eeconemise tic 
engagement, there is an emphasis shift to new systems that 
are kinetic energy, “hit to kill” weapons. These systems 
now under development, Theater High-Altitude Air Defense 
(THAAD) for the Army and Theater-Wide Defense for the Navy, 
both rely on thermal Infra-Red | (IR) seekers to detect and 
track incoming missiles. Additionally, Defense Bupveiiiande 
Program (DSP) satellites currently in use and those in 


development use IR sensors to detect missile launches. 








B. SPONSORING ORGANIZATION 

The Defense Intelligence Agency’s (DIA) Missile and 
Space Intelligence ‘Center (MSIC) is located at Redstone 
Arsenal, Alabama. Its primary mission is the production of 
scientific and technical intelligence on foreign jeetie aad 
Space weapon systems. MSIC utilizes a comprehensive all- 
source ee a to provide a wide range of products to 
customers such. as U.S. weapons developers, defense 
policymakers, enter measure designers, tacticians, and 
operational forces. One of ene key focus areas for MSIC’s 
Offensive Systems Office is the analysis of pore short - 


range ballistic missiles (<1000 km range). 


Cc. CURRENT PRACTICES 


Since the beginning of flight, designers have known | 
that the ainoasnere affects the flight characteristics and 
dynamics of aircraft and space vehicles. According to 
Anderson ([Ref. 1] the earth’s atmosphere, within which 
aircraft and nieaties must operate, is a dynamically 
changing system. The Svessies, density, and temperature of 
the wepescnere aepens neat significantly on altitude, global 
ieeteaon (latitude and longitude), and seasonal and diurnal 
effects. In order to have a common reference atmosphere for 


engineering design and scientific research, “standard” 


| 10000 | 223.252 264.99 | -41351 





atmospheres has been defined. The most recent version is 
the U.S. Standard Atmosphere 1976, wdniened jointly by the 
National Oceanic and Atmospheric Administration (NOAA), the 
National Aeronautics and Space Administration (NASA), and 
the United States Air Force. [Ref. 2] It attempts to depict 
a hypothetical vertical distribution of atmospheric 


temperature, pressure, and density that is roughly 


representative of middle-latitude, year-round, mean 
conditions. The following table shows selected data for a 
range of altitudes. It is readily apparent that the 


atmospheric properties vary greatly with altitude. 


Altitude Temperature Pressure 
m) (K) (mb) 


( 
287.500 1001.2 1.2133 : 








Density 






(kg/m?) 


1000 281.651 674.12 x is Be Ee By 


85500 187.920 .0040802 .0000040269 


Table I.1. Standard Atmosphere Data. From Ref. [2]. 











In recent years, many organizations have created 
atmospheric models that contain a variety of parameters and 
cover different parts of the atmosphere. The differences 
between these models, including their content, limitations, 
bases, references, and sources: are outlined in a guide 
published jointly by _ the American National Standards 
Institute (ANSI) and the American Institute of Aeronautics 
and Astronautics (AIAA). ([Ref. 3] Prom the models 
available, --MSIC selected the Mass Spectrometer and 
Incoherent scaebexmananeea 1990 (MSISE-90) model as the 


basis for this study. 


D. MOTIVATION AND GOALS 

dvs IR Radiance 

IR radiance is a parameter that indicates the target 
(like a pastes missile) size in terms of how much IR 
energy is emitted from the engine exhaust and other IR “hot 
spots.” Most of the factors that aeteee IR radiance of a 
target are not known as facts but can be estimated. Key 
among these are the physical design and capabilities of the 
ballistic target, and atmospheric properties. 6f paeticular 
importance in designing IR sensors is the ability to 


determine bounds for atmospheric properties. Those 


properties affecting the minimum value of IR radiance 











(primarily temperature and density) impact the ability of a 
sensor to accurately discriminate the target from its 
background while the maximum values are of concern for 
preventing blinding of the sensor. 

2% Shortcomings of Standard Atmospheres 

The standard atmosphere is sufficient for much of the 
design, test, and evaluation process for flight vehicles 
(aircraft and missiles) . However, it does not provide all 
of the necessary information for the design and testing of 
IR sensors used in ballistic missile defense systems. 
Specifically, as noted in the AIAA guide, “there is no 
information on standard deviations from the mean values or 
frequencies of occurrence of the variables described by 
these models. This lacuna prohibits quantitative 
assessments of uncertainties, and is a serious deficiency in 
nearly all reference and standard atmospheric mode ie 
(Ref. 3] 

a4 Purpose 

The purpose of this study was to provide statistical 
analyses of MSISE-90 output data, adjusted for known extreme 
yanuee: for use in describing the global behavior of 
atmospheric parameters. This study supports MSIC’s 


development of the Bounded Earth Atmospheric Model (BEAM). 








It is expected that BEAM will be adopted by designers of IR 


sensors used in missile defense systems. 


E. THESIS ORGANIZATION 


Chapter II presents a brief overview of the MSISE-90 
model. Chapter III provides a short discussion on the 
statistical analyses used in ‘this thesis and their 
application to modeling temperature. Chapter IV focuses on 
pompeeins the empirical distribution of atmospheric density 
and then providing ee re ranges of admissible values 
for the other atmospheric peeanecers: Conclusions and 
recommendations are presented in Chapter V. Appendix A 
contains the source code for the functions and scripts 
created for the data analysis in S-Plus®, a comprehensive 
statistical analysis package. Appendix B is the output 
generated by the statistical analysis discussed in Chapter _ 


IV. 








II. MSISE-90 MODEL 


A. MODEL SELECTION 

The Mass Spectrometer and Incoherent Scatter-- Enhanced 
(MSISE-90) atmospheric model is the latest in a series by 
A.E. Hedin [Refs. 4, 5, and 6], formerly of the NASA 
National Space Science Data Center (NSSDC). 

MSISE-90 was chosen over other atmospheric models by 
MSIC for two main reasons. First, MSISE-90 is applicable to 
a wide range of altitudes, while other models are more 
limited in terms of the atmospheric zones they aiee. 
Second, it is freely available in multiple formats, 
including an on-line version at http://nssdc.gsfc.nasa.gov/ 
space/model/models/msis.html and in FORTRAN source code, 
making it accessible to the analyst ~ community. Lastly, 
MSISE-90 accounts for important solar cycle effects ignored 
by standard atmospheres. 

In conjunction with a recent ballistic missile test, 
the MSISE-90 model was used to predict the atmospheric 
conditions for a specific launch site and time. Actual 
measurements taken during the launch were within acceptable 
ranges of the predicted values. This test is the first ina 


series that will be used by MSIC to support the choice of 











MSISE-90 as the model for predicting atmospheric conditions 


for BEAM. 


B. CONTENT AND BASIS OF MODEL 

The MSISE-90 model describes’ the temperature and 
densities in the Earth’s aeaoeciiere from sea level up to. 
2000 km in altitude. According to NASA it is based on data 
from seven satellites (OGO-6, San Marco-3, Aeros-A, AE-C, 
AE-D, AE-E, ESRO-4), DE-B [Dynamic Explorer], numerous 
rocket probes, and iuaenerent scatter radar. It provides 
predictions of temperature and of the densities of seven 
constituent atoms and molecules (diatomic and monatomic 
Nitrogen, diatomic and monatomic Oxygen, Helium, Argon, and 
Hydrogen). The model accounts for major variations due to 
solar activity, magnetic activity, latitude, longitude, 
annual, semiannual, and simplified local ane effects. | 
[Ref. 7] 

MSISE-90 provides a useful format for organizing and 
disseminating the results of satellite missions that eeeuide 
large amounts of data. It also facilitates data comparisons © 
and theoretical calculations requiring a background 


atmosphere as well as providing a convenient source of 


engineering design information. 











Below 72.5 km the model is primarily based on the MAP 
Handbook [Ref. 8] tabulation of zonal average temperature 
and pressure. Below 20 km these data were supplemented with 
averages from the National Meteorological Center (NMC). In 
addition, Pitot tube, falling sphere, and grenade sounder 
measurements from 1947 to 1972 were taken into 
consideration. Above 72.5 km MSISE-90 is eescuedaniy a 
revised MSIS-86 model. | 

These temperature profiles allow exact integration of 
the hydrostatic equation for constant mass, yielding a 
density profile as a function of geographical and 


solar/magnetic parameters. 


| Cc. UNCERTAINTIES AND LIMITATIONS 

According to the AIAA/ANSI Guide, the average error of 
the model in pasiene of good data coverage is roughly 15% 
for total mass density, 5% for temperature, and 15% for O 
and He, 20% for N2, and 25% for O02, and 30% for Ar, H, and N 
densities. Data are sparse in the exosphere above 600 km 
and extrapolations are expected to become increasingly 
inaccurate at higher altitudes. The model cannot follow in 
detail the sharp spatial and temporal changes (<3 hours) 
which occur during magnetic storms; instead, it reflects 


average behavior. [Ref. 3] 











Perhaps the biggest drawback is that the MSISE-90 model 
does not include water vapor (H20) and carbon dioxide (CO2) 
as constituents. Both of these molecules can drastically 


affect the absorption of energy in the thermal IR spectrum. 


D. APPLICATION OF GRID 


In order to provide a representative sample of the 
earth’s atmosphere for all locations and times, a mesh of 
108 grid points was established. The grid covers from +80 
to -80 degrees latitude in 20-degree increments and from 0 
to 330 degrees longitude in 30-degree increments. Figure 1 
gives a graphical representation of the grid. The polar 
regions are not considered important for this study because 


of the low probability of missile launches from those 


regions. 





Figure II.1. Cylindrical Projection of 108 Point Grid 


10 











Every 11 years the sun undergoes a period of activity 
called the solar maximum, followed by a period of quiet 
called the solar minimum. During the solar maximum there 
are many sunspots, solar flares, and coronal mass ejections, 
all of which can affect communications and weather on 
“paren. To account for the effects of the solar cycle, the 
venga of times input to the model spanned an li-year period 
from 1980 to 1990. The figure below shows the sunspot 


activity for the period considered. 










SUNSPOT NUMBER 


NN, 


1975 1980 1985 1990 1935 2000 
DATE 


200 


200 


400 





Figure II.2. Recent Sunspot Activity 
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To take annual effects into account, the solstice and 
equinox dates (Mar 21, sun 22, Sep 23, and Dec 22) for each 
year were used. Finally, to account for the diurnal effect, 
two times for each day (0530 and 1600) were considered. 

Altitudes considered were from 0 km (sea level) to 1000 
km., in one km. increments. At each altitude, there are 
9504 data points (predictions for 11 years, four days per 


year, twice a day, at 108 locations) for each of the 


atmospheric properties. 
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III. STATISTICAL ANALYSIS OF TEMPERATURE 


The first atmospheric parameter under consideration is 
temperature. This choice was made because temperature is 
something with which most people are familiar. The other 
parameters (density, molecular weight, and mean collision 
Giameter) are more difficult to understand and measure. The 
intent was to develop a method for analyzing temperature and 
then apply it to the other parameters. 

| Several different statistical analyses were performed 
on the sea level data generated by MSISE-90 in order to 
describe the global behavior of atmospheric temperature. 
Although the results presented are for sea level only, 
Similar analyses can be performed for any altitude of 


interest. 


A. TEMPERATURE VARIATION WITH ALTITUDE 

Atmospheric temperature varies greatly with altitude. 
As altitude increases, the temperature initially deeyeased 
then increases and decreases again, before growing rapidly 
to an asymptotic value of 1048 deg K. This behavior can be 
seen in Figure III.1, which shows the mean temperature and 


values one standard deviation away from the mean. 
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Mean Temperature 
(+ or - 1 SD) 


Altitude (Km) 





Figure III.1. Temperature Variation With Altitude 


It may be difficult to see the variance at lower 


altitudes from the figure above. Figure III.2 shows an 


expanded view of the temperature below 125 km. 


Mean Temperature 
(+ or - 1 SD) 


Akitude (Km) 


Temperature (deg K} 





Figure III.2. lLow-Altitude Temperature Variation 
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One measure used to express variation relative to the 


mean is called the coefficient of variation (c.v.), as 


defined below. 


S 
Cty. = = 
x 
where s = sample standard deviation (III.1) 
x = sample mean 


At altitudes below 170 km, the coefficient of variation 


is between 3% and 10%; at altitudes above 400 km, it appears 


to be about 23%, as shown here. 


Coefficient of Variation 


g 
2 
< 





Figure III.3. Coefficient of Variation for Temperature 
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B. REGRESSION MODEL 

One possible way to seeduce temperature at a particular 
altitude is to perform a regression on the variables most 
likely to affect temperature— latitude ana longitude. A 
plot of temperature variation versus latitude and longitude 
based on the data (actually MSISE-90 output, not observed | 


measurements) for temperature at 0 km altitude (sea level) 


is shown here. 





Figure III.4. Temperature at Sea Level 


The general form of a regression model for temperature 


is given by the following equation. 


E[Temp] = u+B,-f(Lat)+ B,- f(Long) 
where E [7 emp | = expected value of Temperature 
yt = intercept 
f(Lat) = function of Latitude 
f(Long) = function of Longitude 
B,,8, = linear coefficients 


(III.2) 
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Fitting a model of the form containing just the first 
order terms did not result in an acceptable approximation. 
Closer examination of Figure III.4 shows that a quadratic 
term for latitude should be included in the regression. The 
best (in terms of a balance between minimizing error and 
keeping che number of terms reasonable) regression model 


formulation appears to be: 
Temp = 237.324—-2.468- (Lat)’ +24.641- Lat +.0473- Long (III.3) 


This regression model is considered to be acceptable; 
it results in a residual standard error (RSE) of 2.461 deg. 
K and an R* value of 0.9728. Here is a depiction of its 


predicted values and a histogram of its residuals. 





Figure III.5. Fitted Values for Temperature at Sea Level 
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Figure III.6. Residuals for Linear Model of Temperature 


Conducting a Chi-squared test for normality of the 
residuals resulted ina Chi-squared Statistic of 120.4 with 
13 degrees of freedom, thus yielding a p-value of 0. Thus, 


the residuals do not appear to have a Normal distribution. 


C. DISTRIBUTION OF TEMPERATURE 


Histograms of temperature at four different altitudes 


are shown below. 
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Figure III.7. Temperature Distribution At Various Altitudes 
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Examining the histogram of the ecmpeencane at any 
altitude shows that the distribution of temperature is not 
Normal. However, each of these distributions is probably 
decceivanve as a linear combination of several Normal (or 


other standard) distributions. 


D. MIXTURE MODEL 


A mixture model composed of two Normals is described by 


the following equation. 


p(x) = B, -N(i4,,0, )+B, -N(i4,05 ) 


where wU,,{, = means of Normal distribution 
O,,0, = standard deviation of Normal distribution (III.4) 
BB, = coefficient for Normal distribution 


{Note: B,+f,= 1} 


This model can be extended to include a greater number 
of Normal (or other) distributions as components. 

The histogram of temperature at sea level appears to be 
multimodal; more specifically, there are six peaks in the 


distribution (at 251, 262, 271, 281, 289, and 299 deg K). 


19 





Histogram of Temperature at 0 Km Altitude 
(using Scott) 


£ 
r=} 
a 
2 
© 
e 
a. 


Temperature (deg K} 





Figure III.8. Histogram of Temperature at Sea Level 


Furthermore, the sixth peak (the one ee 299 deg K) is 
the highest, accounting for between one-third and one-half 
of the total probability. Using the relative heights of the 
peaks provides a starting point for determining the constant 
coefficients for each distribution that is part of the 
model. The width of each peak gives an initial value for 
the standard deviation of each component of the model. 
Modifying the values for the means, standard deviations, and 
coefficients solely by a visual matching of the empirical 


histogram resulted in the following model. 
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Temp =.07- N(251,(2.5)?)+.12- N(262,(1.5))+.23-N(271,(2.1)’) 


(III.5) 
+.10-N(281,(1.0)?)+.23-N(289,(2.0)")+.35-N(299, (1.4)’) 


A histogram of the model’s predictions is shown here. 


Mixture of 6 Norma! Distributions 





Figure III.9. Mixture Model for Temperature at Sea Level 


Although it appears similar to the histogram of the data, a 
better estimate could be obtained by expanding the model to 
include distributions other than the normal. For example, 
the sixth peak (centered at 299 deg K) appears to be 
positively skewed, so perhaps some other (i.e. non-Normal) 
distribution should be used to represent it. 

This model could be further refined using systematic 
techniques to quite accurately predict the distribution of 
temperature at sea level or any other altitude. However, 
Since the goal of this study was to provide a description of 


four different atmospheric parameters at 1001 different 


2 








altitudes, “this method would be extremely inefficient. 
However, its use for a small number of altitudes would be 
practical. This led us to consider another method that 
would be easy to apply to a variety of distributions over a 


wide range of altitudes. 


E. NONPARAMETRIC STATISTICS 

The previous attempts to describe the distribution of 
temperature have all been parametric in nature. The problem 
with these methods is that they all attempt to restrict the 
possible form of the distribution to a relatively small 
number of families of distributions (e.g. Normal) whose 
behavior is known. 

Given the fact that we have no precise information 
about the form and class of the density for enperacure ata 
specific altitude, perhaps nonparametric statistics are a 
better option. According to Venables and Ripley [Ref. 9], a 
common-sense definition of nonparametric statistics is “let 


the data speak for itself.” 


F. DENSITY ESTIMATION 

The simplest estimator of the density function is a 
histogram of relative frequencies. This is computed by 
taking the number of observations falling ee a particular 


interval and dividing by the total number of observations. 
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The choice of the bin width dramatically affects the 
appearance of a histogram. Venables and Ripley [Ref. 9] 
state that the default bin width in the S-Plus statistical 


package is given by Sturges’ Rule: 


— range(data) 
1+log,n 
where h =. optimal bin width ° (III.6) 
n = number of data points in sample 


This rule is designed for the histogram of a Normal | 
distribution. However, for data that is not Normal, but 
skewed or kurtotic, additional bins may be required. The 
choice of an optimal bin width is driven by a compromise 
between choosing a small value to minimize the bias and 
snesetns a large value to minimize the variance. Too small 
a bin width results in an estimate that is too granular 
while too large a value produces an estimate that is 
oversmoothed and approaches a constant value. Optimal bin 
width selection can be accomplished by minimizing the Mean 


Squared Error (MSE), defined below. 


MSsE(f, (x)) = Var, (x))+ (Bias (7, 6))] 
where f,(x) = histogram for x (ITII.7) 
Bias(, (x)) = Bias of the histogram | 


Var, (x)) Variance of the histogram 
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In practice, minimizing the MSE is difficult, so 
several estimates that are easier to apply have been 
developed. The methods of Scott [Ref. 10] were used in this 
study. Specifically, his formulation for the optimal bin 


width is given by: 


hos = 3.5-6-n7 
where hj, = optimal bin width (Itt .8) 
G = estimated standard deviation 
n = number of data points in sample 


The following figure shows how Scott’s method chooses a 
greater number of bins than Sturges’ Rule for the 9504 
sample points of temperature at sea level. Notice that it 
is difficult to determine how many modes (or peaks) there 


are in the histogram with only 12 bins. 
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Figure III.10. Bin Width Effect on Histogram 


Even with the greater number of bins from Scott’s 


formula, the histogram still provides a rather granular 
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depiction that, although it may fit the given data, probably 
does not accurately represent the underlying distri buceon: 
A better estimate is a kernel density estimate, which is 
essentially a smoothed version of a relative frequency 
Mctecuan: Shown below is the default density estimate from 
S-Plus for temperature at sea level superimposed on the 


histogram of the data using Scott’s formulation for bin 


width. 





Figure III.11. Density Estimate for Temperature at Sea Level 


This density estimate is based on the form 


FQ = Fda 


j=l 


ll 





where f (x) = densityestimate | 
b = bandwidth (fii. 9) 
n = numberof sample pts 
K = Kernel (default is Gaussian pdf) 
x; = sample pt j 
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According to Venables and Ripley [Ref. 9] the default 


bandwidth b is given by a variation on Sturges’ Rule: 


h = range(data) 
2-(1+log, 7) 
where b = optimal bin width (IITI.10) 
n = number of data points in sample 


Although this estimate is indeed a smoothed version of 


the histogram, it has several faults that need to be 


addressed. 
First, just as the choice of bin width affects the 
appearance of a histogram, bandwidth similarly affects a 


density estimate. The method chosen for this study is that 


of Scott [Ref. 10] and is equal to: 


bos 1.144-0-n7¥° 
where bo, = Scott's optimal binwidth (III.11) 
G = standard deviation of sample 


Second, the data from the MSISE-90 model is for a mean 
temperature at each of the 9504 latitude/longitude/time 


combinations. Since the purpose of this study is to predict 


the global behavior of atmospheric properties based on the 
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MSISE-90 output, but pense vas known extreme values, the 
density estimate needs to be extended to the highest and 
lowest recorded temperature limits (218.15 and 322.05 deg K, 
respectively). [Ref. 11] 

Here is the density estimate for eenseracuse at sea 


level that has been “stretched” to these limits. 


Density Estimate of Temperature at 0 Km Altitude 
(extended to known extreme bounds) 





Figure III.12. "Stretched" Density Estimate of Temperature 
at Sea Level 


It is apparent from this graph that although it is 
possible for temperatures to occur outside of the range of 
the data, the probability is extremely small. Close 
examination of the estimate shows that positive probability 
is added only in a very small range below the smallest value 
and above the greatest value in the data. In fact, positive 
probability is only added within 1% of these values. The 


next figure attempts to illustrate this more clearly. 
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Pigive ZiI.13. Effect of "Stretching" the Density 
Estimate 
Since the only firm bounds on temperature available are 
at sea level, density estimates for other altitudes will be 
similarly stretched by 1% in either direction. 
Further modifying the S-Plus function for the density 
estimate to account for the optimal bandwidth results in the 


following estimate for temperature at sea level: 


Density Estimates of Temperature at 0 Km Altitude 
(extended by 1% in each direction) 





Figure III.14. Scott's Density Estimate for Temperature 
at Sea Level 7 
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As compared to the S-Plus default estimate (dashed-and- 
saeeeed line), one can see in the figure above that Scott’s 
method (solid line) does not overestimate the peaks and 
provides an estimate that appears to be closer to the 


underlying distribution. 


G. CUMULATIVE DISTRIBUTION FUNCTION 

From the given data, an empirical cumulative 
distribution function (CDF) was generated by computing, for 
each temperature value (call it t), the percentage of data 
values falling below those t. For example, if 26% of the 
data points have temperatures smaller than 272, then the 
value of the CDF at t=272 is 0.26. 
Similarly, a smoothed density estimate was used to 
calculate a CDF that is indicative of ne underlying 
distribution but can be represented with much less storage 
space than the empirical version. Whereas the empirical CDF 
for each altitude requires 9504 (x,y)-pairs, the CDF based 
on the estimated density requires only 50 (x,y)- pairs, or 
.52% of the original size matrix. The reason that it 
requires 50 pairs of coordinates is that it is based on the 
optimal bandwidth chosen for the smoothed density estimate 
described above. The S-Plus code for this function is given 


in Appendix A. The CDF for sea level is shown here. The 
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solid line shows the empirical CDF while the dotted line 


gives the CDF derived from the estimated density. 


CDF of Temperature at 0 Km altitude 
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Figure III.15. CDF of Temperature at Sea Level 


The CDF can be applied in two different ways. First, 
for simulation purposes, it can be used to predict a 
temperature (or set of temperatures) from the estimated 
distribution at a specific a eveude. To illustrate this 
graphically, a random number based on a Uniform(0,1) 
distribution is generated. This value is used as a point on 
the vertical axis; the horizontal axis provides a random 
Ganperceunec value from the estimated distribution. In 
reality, cies woule: not be done graphically, but through 
interpolation on the matrix of (x-y) pairs that make up the 


CDF. 
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Seesads the CDF can be used to compute quantiles within 
which a certain percentage of the estimated temperature 
values fall. For example, at sea level, the first and 
ninety-ninth quantiles are 250.429 and 301.719 deg K 
respectively; therefore 98% of the estimated ‘eenpevaeune 
values fall within this range. 

The next figure shows the CDF for censeretune at 100 km 
altitude. Although the distribution is quite different, the 


technique is equally well applicable in this instance. 


CDF of Temperature at 100 Km altitude 
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Figure III.16. CDF of Temperature at 100 Km Altitude 


-H. SUMMARY OF TEMPERATURE ANALYSES 

In summary, the nonparametric approach provides a 
systematic method that can be applied to any type or number 
of data sets in order to provide a description of the 


underlying distribution. Additionally, it is easy to 


31 

















automate the process using S-Plus. For these reasons, only 
this method will be used for the remaining atmospheric 
parameters. 

A summary of the process that will be followed is: 
create a smoothed density estimate for the Aiwheinutden of 
the parameter at a particular altitude using Scott’s 
formulation; convert the smoothed density estimate to a CDF 


described in terms of (x,y)- coordinate pairs. 
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IV. NONPARAMETRIC ANALYSIS OF ATMOSPHERIC DENSITY 


The author would like to forewarn the reader that the 
word “density” will be used in two different ways in this 
chapter. It will be used to describe that property of a gas 
that is a mass per unit volume; it will also be used as a 
statistical term to represent the frequency of occurrence in 
a sample of observations. The author will attempt to ensure 


that the meaning is clear for each usage. 


A. IMPORTANCE OF ATMOSPHERIC DENSITY 

Mach 5 is generally considered to be the boundary 
between supersonic and hypersonic speed; however this is not 
a strict boundary in the way that Mach 1 sharply divides 
subsonic and supersonic speed. The key difference is.that, 
in hypersonic flight, certain phenomena become progressively 
more important as the Mach number is igeveusea: 

One of the phenomena which is of primary concern for 
pysereonc vehicles (like ballistic missiles) is’ the 
formation of an entropy layer. This is a layer created by 
large velocity gradients in the flow behind the shock wave 
in the nose region. The entropy layer interacts with the 
boundary layer growing along the surface; this interaction 


causes an increase in aerodynamic heating of the surface 
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above and beyond that which would ee without the entropy 
layer. Another important phenomena is the viscous 
interaction between a thick boundary layer with the inviscid 
flow outside the boundary layer. The physical consequence 
of this is an increase in surface pressure and skin 
friction, which causes increased drag and aerodynamic 
heating. 

Of all the atmospheric parameters considered by this 
study, density is the one that has the greatest influence on 
those characteristics of flight which affect aerodynamic 
heating and IR radiance. Therefore, it is the one that this 
study will concentrate on from this point forward. However, 
the other parameters (temperature, molecular weight, and 
mean collision diameter) are not negligible, so they will be 


taken into account. 


B. RELATIONSHIP BETWEEN ATMOSPHERIC PROPERTIES 

According to Anderson, air under normal conditions of 
temperature and pressure, such as that encountered in flight 
through the atmosphere, behaves very much like a perfect gas 
[Ref. 1]. The relation between pressure ; density, and 


temperature for a gas, called the equation of state is: 
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p = pRT 


GF) 
where p = _ pressure| — 
m 


p = density 3 (IV.1) 
J 
R = specific gas constant | 286.98 ————— for air 
kg -deg K 


T = temperature (degK) 


Pressure, density, and temperature all vary eek 
altitude; this relationship is given by the hydrostatic 
equation, which is a differential equation that relates an 
infinitesimal change in pressure dp to a corresponding 
infinitesimal change in altitude dhg. 

dp = —pgdh, 


where dp = change in pressur e( *) 
m (IV.2) 
* , mM 
g =acceleration due to gravity ( 2 ) 
Sec 


dh, = change in geometric altitude (m) 


To be useful, this equation must be integrated. To 
simplify the integration of this equation, it is assumed 
that g is constant throughout the atmosphere, equal to its 
value at sea level, g. This leads to Equation IV.2 being 


rewritten in the more common form shown in Equation IV.3. 
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dp = -—pg,dh 





where g, = gravitational acceleration at sealevel | (IV.3) 
sec | 


dh = change in geopotential altitude (m) 


Note that in rewriting the hydrostatic equation, the 
notation for the change in HedGne dhe became dh. This is 
because there is a difference between geometric altitude 
(hg) and geopotential altitude (h), which is a “fictitious” 
altitude defined for ease of calculations. This change is 
necessary because of the small difference between g and gq. 


The two terms are related by the following equation. 


r | 
| (| | . 


h = geopotential altitude (m) 





r = radius of the Earth (m) 

hg = geometric altitude (m) 

At low altitudes, there is little difference Baeveen h 
and he; only above altitudes of 65 km. does the difference 


exceed 1 percent. [Ref. 1] 


C. VARIATION OF PROPERTIES WITH ALTITUDE 
Dividing the hydrostatic equation (Equation IV.3) by 


the equation of state (Equation IV.1) results in: 
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ap _ _pP&odh _ _ £0 ay : (IV.5) 


Dp PRT RT 
The pressure p at height h can be obtained by 


integrating Equation IV.5 resulting in 


a a ar}m) : (IV.6) 


Substituting the relationship between pressure and 
density from the equation of state, yields | 

PL a (%er}em) | (IV.7) 

Py; 

This last equation describes the variation of density 
woesue geopotential altitude for the isothermal layers of 
the standard atmosphere. 

Due to the inverse relationship between pressure and 
density specified in the equation of state, one would expect 
density to decrease as temperature increases with avedeude:, 
This is in pace the case, as shown in the next figure. 
Because density decreases to near-zero values so quickly as 
altitude increases, this graph shows the log(density) for a 


scaling purposes. 
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Figure IV.1. Density Variation with Altitude 


D. DISTRIBUTION OF DENSITY 


As was the case for temperature, the distribution of 
atmospheric density varies greatly with altitude. Here are 


distributions of density at 0 10, 100, and 1000 km altitude. 
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Figure IV.2. — Density Distribution at Four Altitudes 
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Rather than attempting to describe these 


distributions with either a regression model or a mixture 


model, the nonparametric kernel density estimate will be 


used as was done for temperature. 
Applying the methods of Scott (as explained in Chapter 
III) to the density data at sea level results in the. 


following estimate of the distribution. 


Density Estimate of Atmospheric Density at NA Km Altitude 
(extended by 1% in each direction) 





Figure IV.3. Density Estimate of Atmospheric Density 


With temperature, the only available boundary values 


were at sea level; however, for density, values were 


available for several altitudes. More specifically, the 
following bounds for atmospheric density from the AITIAA 


Journal were used. 
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Altitude (km) Minimum Density Maximum Density 
(kg/m*) (kg/m°*) 


Table IV.1. Extreme Density Bounds. From Ref. [12] 


The kernel density estimates of atmospheric density for 
these altitudes were performed in the same manner as was 
done for temperature at sea level. Again, the result was 
that positive probability was only added for a very small 
range below the minimum and above the maximum values from 
the MSISE-90 data output. The maximum change was found to 
be 0.7%, so again a heuristic choice of 1% “stretching” was 


used for all altitudes. 


E. COMPUTATION OF DESIRED RESULTS 


Once the density estimate was calculated for each 
altitude, the quantiles of interest (15%, 50° [or median], 
and 99°") were extracted. A “neighborhood” of plus or minus 
one percent was calculated for each of these values. Then, 
values for the other parameters (temperature, molecular 
weight, and mean collision diameter) were calculated. The 


results are given in Appendix B. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

This research has confirmed that the variation of 
atmospheric properties in MSISE-90 differs greatly by 
altitude. Because of this, nonparametric statistics were 
chosen as an sepanraee method that could be systematically 
applied to a large number of datasets corresponding to a 
range of altitudes. Although all of the data manipulation 
and statistical analyses in this study were performed in S- 
Plus, the code provided in Appendix B could be appropriately 


modified for other statistical software packages. 


B. RECOMMENDATIONS 

First, calculations similar to the ones in this thesis 
should be performed using data from an atmospheric model 
that includes water vapor (H20) and carbon dioxide (CO2) as 
constituents. Both of these molecules can greatly affect IR 
radiance, and therefore should be considered. 

Second, the analyses should be carried out for specific 
regions of strategic importance—specifically North East Asia 
(the Korean Peninsula) and South West Asia (Middle East). 
This would involve the development of a grid with a finer 


mesh than was used here. The author suspects that the 
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statistical seee aren of the atmospheric parameters for 
these regions would differ significantly from the results 
obtained for the much larger area considered in this study. 
Whereas the results obtained in this thesis are useful in 
the design of missile defense systems, regional results 


would aid in the tactical employment of these systems. 
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APPENDIX A. S-PLUS SCRIPTS AND FUNCTIONS 


. FILE SETUP SCRIPT 


Cc 
# setupfiles.ssc 

# This script is designed to setup the files object 

# needed to run other scripts. More specifically, it 

# creates an object that is a list of all the MSISE-90 data 
# files in a particular directory. Similar scripts were 

# used for the other atmospheric parameters. 


tempfiles dos("dir D:\\Nestler\\Temperature") 
tempfiles  tempfiles[8:95] 

tempfiles substring (tempfiles,1,4) 

tempfiles  paste(tempfiles,".tx6",sep="") 


D. TEMPERATURE OBJECT SCRIPT 


# tempobjs.ssc 

# This script is designed to read 88 data files into S-Plus 
# matrices of dimension 1001 by 108. Similar scripts were 
# used for the other atmospheric parameters. 


for (i in 1:88) { 


# Set the name of the file to read 
in.name  paste("D:\\Nestler\\Temperature\\", 
tempfiles [i] ,sep="") 


# Name the object with the first 4 characters of the 
# file 
new  substring(tempfiles[i],1,4) 


# Debugging tool to ensure script is still running 
cat("i is now ",i," new is now ",new,"\n") 


# Assign the name to the object as read in from file 


assign (new, matrix (scan(in.name) ,nrow=1001,byrows=T), 
where=1, immediate=T) 
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TEMPERATURE BY ALTITUDE SCRIPT 


tempalts.ssc 


This script is designed to create 1001 matrices of size 88 

by 108 and fill them with all O's. Each one is designed 

to hold all of the temperature data for a single altitude. 
Similar scripts were used for the other atmospheric 
parameters. | . 


for (i in 1:1001) { 


F 
# 
# 
# 
# 
it 
# 
# 
it 
# 
# 


# Create a name for the file, i.e. 'temi' 
nicename paste ("tem",i,sep="") 


# Create the object 
myobject __ matrix (0,nrow=88,ncol= =108) 


# Assign a name to the object 
assign (nicename,myobject, where=1, immediate=T) 


# Debugging tool to males: sure script is still running 
cat ("i iis ee ee W\Wn") 


TEMPERATURE CONVERSION SCRIPT 


tempconvert.ssc 

This script is designed to take 88 matrices of dimension 
1001 by 108 and convert them to 1001 matrices of dimension 
88 by 108 by assigning the jth row of the ith input object 
to the ith row of the jth output object. The effect of 
this is to convert the objects containing the MSISE-90 
output (which there are 88, each for a particular 
date/time)) and convert them to objects which hold all of 
the data for a specific altitude. Similar scripts were 
used for the other atmospheric parameters. 


ow 


for (i in 1:88) { 


# pen input objects one at a time 
thang get (substring(tempfiles[i],1, 4)) 


for (j in 1:1001) { 


# Gets the jth results object and asezcne it to 
temp object result.thingy 
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result.thingy get (paste("tem",j,sep="") ) 


# Puts the jth row of the ith data object into the 
#ith row of the jth data object 
result.thingy[i,] _ thang[j,] 


# Renames temp object result.thingy back to its 

# original name 

assign (paste("result",j,sep=""), result. thingy, 
immediate=T) 


# Debugging tool to keep track of progress 
cat ("i as ni," 5 po we, 7\n") 


G. EMPIRICAL CUMULATIVE DISTRIBUTION FUNCTION 


ecdf 
# This function plots the empirical cdf of temperature at 
# any altitude, and then adds the smoothed cdf based on a 


# density estimate. 
function(x) { 


# Generate the empirical cdf 
x sort (x) 
y _ numeric (length (x) ) 
for(i in 1l:length(x)) { 
cat ("i = nl i, W\n") 
yfi] _ mean(x < x[i]) 


# Plot the empirical cdf 7 
plot(x, y, xlim = c(0.98 * min(x), 1.02 * max(x)), type 
= npn, xlab = Wn ylab =- Wn) 


# Calculate the optimal bandwidth using Scott's formula 
b.optscott <- 1.144 * sqrt (var (as. vector(x))) * 
(length (x) )*(-0.2) 


# Add the smoothed estimated cdf based on the "optimal" 


# density estimate 
opt.dens <- density(x, width = b.optscott, from = 0.99 
* min(x), to = 1.01 * max(x)) 
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lines (opt.dens$x, cumsum(opt.densSy) /sum(opt.dens$y) , 
ity = 3, col = 8) 


# Add titles and axis labels 

alt.name | substring(substitute(x), 4, 
nchar (substitute (x) )) 

my.main _ paste("CDF of Temperature at", 


as.numeric(alt.name) - 1, "Km altitude") title (main = 
my.main, xlab = "Temperature (deg K)", ylab = "Prob 
(X < x)") | 


# Add a legend or key to the graph 

-line.types <- c(2, 1) 

key (min(hist.scott(x, prob = T, plot = F)S$breaks), 1, 
text = list(c("Empirical CDF", "Estimated Density")), 
lines = list(type = "1", col = c(1, 8), lty = c(1, 
3)), title = "Key", border = 1) 


H. HISTOGRAM BASED ON SCOTT’S BIN WIDTH FUNCTION 


hist.scott | 
# This function computes, but does not plot, a histogram 
# based on the “optimal” bin width defined by Scott 


function(x, ...) 


invisible (hist (x, nclass.scott (x), xlab = 
deparse (substitute(x)), ...)) 


I. SCOTT’S BIN WIDTH FUNCTION 

nclass.scott 

# This function computes the “optimal” bin wage for a 
#histogram by Scott’s formula 


fumction(e 


h <- 3.5 * sqrt(var(as.vector(x))) * length(x)*(-1/3) 
ceiling (diff (range (x) ) /h) 
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J. DENSITY OUTPUT SCRIPT 


# densoutput.ssc 

# This script takes MSISE-90 output predictions for density 
# and calculates a "best" density estimate for each 

# altitude. 


for(j in 1:1001) { 


# Get the object containing density data for the jth 
# altitude and assign it to the temporary object 
# dens.thingy 


dens.thingy _ get (paste("dens",j,sep="") ) 


# Calculate the density estimate for the altitude in 
# question 


best.est  density(dens.thingy,width=b.optscott 
(dens.thingy), from=0.99*min(dens.thingy) , 
to=1.01*max (dens.thingy) ) 


# Convert temporary object best.est to a matrix 
best.est — cbind(best.est$x,best.est$y) 

# Convert the pdf to a cdf 

best.est[,2] _ cumsum(best.est[,2]) /sum(best.est[,2]) 


# Cut off any excess entries with probability equal 
# to 0 or 1.0 


zeros __ (1:nrow(best.est)) [best.est[,2] ==0] 
if(length(zeros)>1) best.est  best.est[-zeros[- 
length (zeros) ],] 

ones (l:nrow(best.est)) [best.est[,2] ==1] 


if(length(ones)>1) best.est  best.est[-ones[-1],] 

# Rename the temporary object best.est to an output 
# object 

assign (paste ("result",j,sep="") ,best.est, immediate=T) 


# Debugging tool to track progress 
cat ("j is now ",j,"\n") 
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K. DENSITY QUANTILE COMPUTATION SCRIPT 


# densquantile. ssc 
# This script computes the lst and 99th ‘que of density 
# for all 1001 altitudes. | 


# Create a matrix to store the quantiles in. 
dens.quant  matrix(0,nrow=1001,ncol=2) 


for (j in 1:1001) { 


# Read in the estimated density function for altitude j 
dens.alt get (paste ("result",j,sep="") ) 


# Calculate the 1st and 99th quantiles for altitude j 
quant.alt _ quantile (dens.alt[,1],c(.01,.99)) 


# Add the quantiles to the cumulative object 
dens.quant[j,1] _ quant.alt[1] 
dens.quant[j,2] _ quant.alt[2] 


. LOCATION OF QUANTILES SCRIPT 


L 

# wheredens.ssc 

# This script takes the lst aaa 99th quantiles from each 

# altitudes and determines which entries in the density (by 
altitude) matrices are within a smalt distance from those 


# 
# values. 
# 
C 


Create an object to hold the results 
the.answers _ matrix(0,nrow=1001,ncol=15) 


# Loop over all 1001 altitudes 
for (j in 1:1001) { 


# Get the lst and 99th quantile values 
qi _dens.quant [j,i] 
q99 _ dens.quant [j,2] 


# Determine values that are within 1% of these values. 
qlilower 0.99 * ql 

qlupper 1.01 * ql 

q99lower 0.99 * q99 

q99upper 1.01 * q99 
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# Get the matrix objects for the current altitude 
current.dens _ get (paste ("dens",j,sep="") ) 
current.temp _get(paste("tem",j,sep="") ) 
current.wt get (paste ("wt",j,sep="") ) 
current.diam  get(paste("diam",j,sep="") ) 


# Determine the minimum and maximum values in the 

# temperature, molecular weight and mean collision 

# diameter matrix objects that correspond to density 
# values in the vicinity of the ist and 99th quantiles. 


qitemp  -current.temp[current.dens >= gqllower & 
current.dens <=qlupper] 

qimintemp __ min(qltemp) 

qimaxtemp _ max(qltemp) 

qlwt _ current.wt[current.dens >= qllower & 
current.dens <=qlupper] 

qiminwt — min(qliwt) 

qimaxwt _ max(qlwt) 

gqidiam __ current.diam[current.dens >= qllower & 
current.dens <=qlupper] 

qimindiam  min(qlidiam) 

qlimaxdiam _max(qlidiam) 

qo9temp  current.temp[current.dens >= q99lower & 
current.dens <=q99upper] 

q99mintemp __ min (qlitemp) 

q99maxtemp __max(qltemp) 

qo99wt _ current .wt [current.dens >= q99lower & 
current.dens <=q99upper] 

q99minwt min(q99wt) 

qo99maxwt  max(q99wt) 

q99diam _current.diam[current.dens >= q99lower & 
current.dens <=q99upper] 

qo9mindiam  min(q99diam) 

qo9maxdiam  max(q99diam) 


# Put all of the results for the current altitude in 
# the appropriate row of the results matrix 


the.answers[j,1] _ j 
the.answers[j,2] _ ql 
the.answers[j,3] _— gqimintemp 
the.answers[j,4] | qlimaxtemp 
the.answers[j,5] — qiminwt 
the.answers[j,6] _— qimaxwt 
the.answers [j,7] gqimindiam 


oi 





the.answers[j,8] | qimaxdiam 
the.answers[j,9] _ q99 


the.answers[j,10] 
the.answers [j,11] 
the.answers [j,12] 
the.answers [j,13] 
the.answers [j,14] 
the.answers [j,15] 


_ g99mintemp 
_ g99maxtemp 
_ gq99minwt 
_ g99maxwt 
_ q99mindiam 
_ q99maxdiam 
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APPENDIX B: OUTPUT FROM STATISTICAL ANALYSES 


A. RESULTS FOR 1°* QUANTILE OF ATMOSPHERIC DENSITY 


Altitude | —__— Density | Min Temp [MaxTemp| = MinMW || MaxMW | MinCD_ | MaxCD_ 
| 
7] 5.51566001387755E-01| 228.0531] 230.7397|  28.95990945| _ 28.95990983| _3.702754585E-10| _3.702754602E-10 
| 4.14994971188775E-01| 223.2199 224.2989| 28.95990954| 28.95990984| 3.702754583E-10| _3.702754599E-10 
3.56820066346122E-01 
3.06561459073469E-01 
2.627 12543488163E-01 
2.24927974464490E-01 
1.92705683660000E-01 
1.64907986210000E-01 
1,39029886350000E-01 
1.17111331560000E-01 
9.85352238235102E-02 
8.27281969398367E-02 
6.93460809247347E-02 
5.80584564156735E-02 
4.856895567 15918E-02 
4.05576367795102E-02| 202.6282 205.5221| _28.95990947| _28.95990985] _3.702754583E-10| _3.702754603E-10) 
3.38765194851429E02 
2.83186899499592E-02| 209.2236] 211.9418] _28.95990947| _28.95990991| _3.702754580E-10/ _3.702754603E-10) 
2.36746489077551E-02 
1.95338064870000E-02 
1.61100676990000E-02 
1.32863037200000E-02 
1.09527336550000E-02 
9.03610212260000E-03 
7.46306928190000E-03 
35 
37 
| 1.62584936820000E-03| 247.2107| 251.3620] 28.95990952| _28.95990984| _3.702754584E-10| _3.702754600E-10| 
1.21276442220000E-03 
1.05217007020000E-03 
9.14574305030000E-04 
7.96792614360000E-04 
6.95800797780000E-04 

8048 

9295 


1 


1 


Nh 


4 


4 
6.08985084270000E-04 
4.69517356370000E-04 
4.13513717020000E-04 
3.64873415840000E-04 
3.22518830170000E-04 
2.85538442320000E-04 


5 
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| Altitude | Density =| MinTemp |MaxTemp| MinMW | MaxMW | — MinCD _—_—-|_—sMaxCD_—i 
| __—s55E_2.53155485240000E-04/ 269.9822| 272.5161| 28.95990936] —_ 28.95991002| 3.702754574E-10| 3.702754609E-10| 
| _—*S6E_2.24711503250000E-04| 268.6760] 271.2417| 28.95990954| — 28.95990979| 3.702754586E-10| 3.702754599E-10| 
57] _1.99582083840000E-04| 266.9575| 269.5756] _28.95990953| _28.95990979| 3.702754586E-10| 3.702754599E-10} 
| 264.9038] 267.5827| _28.95990952| —28.95990984/ 3.702754584E-10/ _3.702754600E-10 
262.5908 
260.0916 
257.4754 
254.8068 
252.1457 : 
249.2792 
246.4332 
244.0614| 247.3436] 28.95849097| 2895984915] 3.702769581E-10} 3.702809434E-10 
5.92334807270000E-05 . 
5.203684 18040000E-05| 239.9608] 242.9885] _28.95768036| 28.95981447| 3.702778153E-10| 3.702840764E-10, 
4.56243636490000E-05 
70} _3.99157726390000E-05| 236.9754] 239.6550| 28.95686907| 28.95975540| 3.702787495E-10| 3.702872127E-10) 
714 _3.48253680880000E-05| 235.9943} 238.5212] 28.95646324|  28.95973504| _3.702788802E-10| 3.702887815E-10| 
72§ _3.03222001890000E-05| 235.4053] 237.8078] 28.95605733| 28.95971441| 3.702792841E-10| _3.702903508E-10 
| 2.63343593450000E-05; 234.0026] 237.3924] 28.95564074| —28.95963537| 3.702798176E-10| —3.702920624E-10 
74 2.29211694080000E-05| 233.3570] 236.7664| 28.95517965} — 28.95947314| _3.702805753E-10| —3.702940905E-10) 
75) _1.99741493230000E-05| 232.3523] 235.8642| 28.95466090| _28.95927984| 3.702814448E-10| _3.702964166E-10 
76f 1.741857408S0000E-05| 231.0631] 234.6386] 28.95407486| — 28.95904889| _3.702824426E-10| 3.702990447E-10| 
| 4.51942041200000E-05| 229.4480] 233.1261| 28.95341004| —28.95877206| _3.702835750E-10| _3.703020019E-10| 
| 1.32505210080000E-05| 226.8945] 231.3636| 28.95264991|  28.95834949] | 3.702848399E-10| —3.703053384E-10| 
 1.15500407930000E-05| 224.9362| 229.3882] 28.95176994/  28.95793624| _3.702862082E-10| _3.703090298E-10) 
| 4.00611834541000E-05| 222.4556| 227.5047| 28.95073281| —28.95748558| 3.702872386E-10| _3.703129659E-10| 
| 8.75520755100000E-06| 220.2144] 225.2783| 28.94947900| _28.95689347| 3.702882179E-10| _3.703169507E-10! 
| 7.60740523920000E-06| 217.9313] 223.0571] _28.94791554/  28.95608485| _3.702886643E-10] _3.703205938E-10! 
| 6.59857098620000E-06| 214.9868] 220.6963| 28.94589900/ _28.95494386| 3.702880078E-10] _3.703234754E-10| 
| 5.71405282480000E-06/ 212.3939| 218.5200| 28.94315798| _28.95329307| 3.702844483E-10| 3.703245407E-10 
 4.93940464220000E-06] 209.8136] 216.0012] 28.93920109] —_28.95053272| 3.702783558E-10| _3.703223168E-10 
| 4.26191234780000E-06| 207.2724| 213.4664| 28.93367246|  28.94677908| _3.702671442E-10| _3.703147771E-10| 
| _3.66962526280000E-06| 204.6015| 210.9175| 28.92596585| — 28.94164260| _3.702484978E-10| 3.702992956E-10| 
| 3.15264051240000E-06| 202.1782| 208.3944| 28.91670979| _ 28.93438773| 3.702196438E-10| 3.702726991E-10 
| 2.70216242450000E-06| 199.8509] 204.8805] 28.90469510| 28.92441243| _3.701774609E-10| 3.702317221E-10| 
| 2.31248245170000E-06| 197.6256] 203.1534] 28.88737604| 28.91443305| 3.701145249E-10| 3.701726737E-10 
| 1.97817368426939E-06] 195.5405| 201.5871] 28.86473560| —28.89806752} 3.700262054E-10} 3.700929779E-10; 
| 1.68940084677551E-06| 193.7069} 200.1550] 28.83593637| _28.87742076| 3.699020563E-10| _3.699953087E-10 
9 180.8259 
| 1.18880370235102E-06| 181.2963] 182.3209| 28.76803621| 28.80990481; 3.695927416E-10| _3.696838592E-10) 
| 9.50934361550000E-07| 156.1267| 157.7622| 28.72092045| 28.75971824| _3.699334213E-10| _3.699973500E-10) 
| _7.36462623500000E-07| 164.7805] 166.5354| 28.67398752/ —28.72036718| 3.697863522E-10| 3.698765946E-10 
9 174.7071 
| 4.50910728470000E-07| 185.8439] 187.6014] 28.56506844| —28.62960844| 3.694212444E-10| _3.695767971E-10 
| _3.57374988270000E-07, 0244} 198.2070| 28.50376037| _28.57883074| _3.692056458E-10| 3.693999244E-10! 
| 2.86203886350000E-07; 210.9198] 210.9198] 28.43849603| 28.52499298/ 3.689707044E-10/ 3.692073982E-10! 
| 2.31893017230000E-07| 223.7790| 224.0792] 28.36979500| 28.46853694| 3.687184513E-10| _3.690014255E-10| 
| 4.90040460370000E-07| 236.5570| 237.2902| 28.29819029|  28.40990659| _3.684520295E-10| 3.687847983E-10| 
| 1.57440638140000E-07} 249.1149] 250.4180| 28.22421868| 28.34953961| 3.681743437E-10| 3.685596172E-10; 
| 1.31763017880000E-07| 261.3268] 263.3319] 28.14839848| 28.26510022} 3.678880836E-10| 3.682840467E-10| 
| 4.11334517760000E-07| 273.1139] 275.9142] 28.07121641| 2818996301; 3.675957148E-10| 3.679830050E-10) 
| 9.49597227140000E-08| 288.0088] 288.0704] 27.99311539| _ 28.12348338| 3.672994094E-10} _3.677322200E-10; 
10 299.6878 
| 7.06839190670000E-08| 310.8620] 310.8977| 27.83568764| —27.98996670| _3.667019077E-10| _3.672289031E-10) 
| 6.415813132002449E-08| 321.5547| 321.5725] 27.75701409| _27.92345974| 3.664033265E-10| _3.669787054E-10) 
| _5,39611410658775E-08] 331.8394] 331.8394] 27.67873529| _27.85741181| 3.661060721E-10| 3.667305771E-10, 
| 4.75127155841633E-08| 341.8032} 341.8183| 27.60109000! —27.79200691| 3.658107584E-10| 3.664850494E-10 
| 4.20171032880000E-08} 351.5146] 351.5414] 27.52428840| _27.71771500| 3.655177935E-10| —3.662362917E-10) 
|_3.63575170217143E-08| 307.2599] 307.2905} 26.82309025| 26.86403422| 3.619398140E-10| 3.621845399E-10, 
| 3.12280613835918E-08| —323.0540/ 323.0904] 26.70307362| 26.74642971| _3.614131696E-10} 3.616728805E-10| 
| 2.70238566088163E-08| 308.9367] 338.8812] 26.58580075| —26.94162345| 3.608926178E-10| 3.624187859E-10 
| 2.34228668231020E-08| 322.9824] 323.0149] 26.76796184| 26.83920260} 3.615443489E-10| 3.619695914E-10, 
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Altitude | __ Density | MinTemp |MaxTemp| = MinMW | MaxMW | MinCD_ | MaxCD_ 
11 

11 

| 119 
ae! 
123 

124 

125 


| 131 
| 3.75097643471020E-09| 510.2056] 515.2378] 25.11282805|  25.26333600| _3.530329832E-10|  3.538181214E-10 
| 136 

137 
| 138 
| _ 139 
| 140 
| 14 
| 145) 
| 146) 

147] 1.59459726810000E-09| 570.1018! 611.9501] 24.22184426/ _24.60365607|  3.474512003E-10| _3.492495400E-10 
| 148 
| 149 
| 150 
| 154 
| 155 
| 158 
| __ 159 
[ 160) _7.78406645850000E-10| 626.1432] _653.5553|  23.34905226| _23.80830273| _3.425014526E-10|  3.448319434E-10 
| 168 
| 169) 
|__4.19405335840000E-10] 655.5585] _702.0105| _22.35001605| 23.04019339| 3.367057174E-10|  3.404883054E-10 
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| Altitude { Density ~——s| MinTemp |MaxTemp| MinMW | MaxMW =| MinCD —|_—sMaxCD_ | 
| __180 
2.72990067700000E-10 
2.61971882240000E-10| 645.9044| 732.4725] 21.27740268| —22.40900812| 3.304346546E-10| 3.368843098E-10 
2.51470496720000E-10 
2.41457838020000E-10 
2.31907424410000E-10 
2.22794467600000E-10 
2.14095864660000E-10} 649.7165] 743.8192} 20.94524519| 22.12681877| _3.284879585E-10| | 3.352640710E-10 
2.05535962100000E-10/ 650.8668] 745.9263| 20.87976804| —22.07076189| 3.281039545E-10| 3.349416418E-10 
1.97225679080000E-10 
1.89298785230000E-10 
1.81735194680000E-10} 654.1162} 746.2985] 20.68534077| _21.85497720| 3.269633539E-10| 3.337696268E-10| 
1.74516009800000E-1 
1.67623331240000E-1 
1.61040446880000E-1 
1.54751735840000E-1 
1.48742080420000E-1 
1.42997550150000E-1 
1.37505007730000E-1 
1.32253623460000E-1 
1.27228015260000E-1 
1.22418868020000E-10| 663.0468 
1.17815726060000E-10| 663.8005 
1.13408733880000E-10| 664.5318 
1.09188334050000E-10| 665.2414 
4.05145760290000E-10| 665.9299 
1.01272411216000E-10| 666.5980 
9.75604637630000E-11| 667.2463 
9.40023205880000E-1 8754| 682.3179] 19.81899359| _ 20.28451557| 3.218254634E-10| 3.242732386E-10| 
9.05908145820000E-11| 668.4859 
8.73191631940000E-11| 669.0782 
8.41809258980000E-11| 669.6531 
8.11700142930000E-11| 670.2109 
2159 7.82806174360000E-11| 670.7522 
216) _7.55072498370000E-11| 671.2774 
217] _7.28446966930000E-11| 671.7872 
7.02879834750000E-11| 672.2818 
6.78324012910000E-11| 672.7619 
6.54734815230000E-11| 673.2277 
6.32069731950000E-11| 673.6798 
6.10288057890000E-11| 674.1186 
5,89351470410000E-11| 646.5986 
5.69223225130000E-11| 646.8851 
5.49868392350000E-11| 640.0540 
5.31254012670000E-11 
5.13348147190000E-11 
4.96120905120000E-11 
4.79543436370000E-11 
4635884489 10000E-11 
4.48229769220000E-11| 630.1289 
4.33442704030000E-11| 630.2921 
4.19206192350000E-11| 630.4495 
4.05496687130000E-11} 630.6014 
3.92290428490000E-11 
3,79567008290000E-11 
3.67306734760000E-11| 618.5158] 695.5161/ 17.82089586| —18.68590612| —3.100187392E-10] 3.152459480E-10 
3.554906901 10000E-11 
3,.44100977050000E-11 
3.33120560180000E-11 
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Density | MinTemp |MaxTemp| = MinMW [| MaxMW |) MinCD_ | MaxCD 
| _—242 
a4 
2.83807541580000E-11 
2.74962465440000E-11 
2.66425936130000E-11 
2.58186027860000E-11 
2.50231304890000E-11 
2.425506457 10000E-11 
2.35133614880000E-1 
2.27970070990000E-1 
2.21050480890000E-1 
2.14369312160000E-1 

7 

2 

2 

7 


247 


249 


NITRO RO 


| 


2.01676922190000E-1 
2574 1.95648307200000E-1 
1.89821006070000E--1 
1.84187388240000E-1 
1.78752268610000E-1 
1.73522350780000E-1 
1.68464 183010000E-1 
1,63571459370000E-11 
1,58838100250000E-11 
1.54258309970000E-11 
| 266 
267} 1.45537530330000E-11 620.3415] 697.6480] 16.72335692| __ 18.11803503] _ 3.043535114E-10) _3.116193192E-10 
|___ 268) 
|__269f 1.37367334170000E-11] 620.3651] 697.9080] 16.64405308]  18.02327961|  3.039408693E-10| _3.110276945E-10 
273 
__ 274] 1.19104572160000E-11] 619.1105] 706.2254) 1644843149] 17.37421958 3.029369243E-10| _3.072262113E-10 
| 
276 
279 
| 280) 
9,44214905100000E-12 
9.17093749410000E-12 
8.90819594310000E-12 
8.65363802940000E-12 
8.40698640730000E-12 
8.16797481520000E-12 
7.93634561040000E-12 
7.71185155720000E-12 
7.49425393780000E-12 
7.28332423940000E-1 
7.07884080990000E-1 
6.88059014100000E-1 
6.68836548410000E-1 
6.50197019460000E-1 
6.32121252840000E-1 
6.14485223640000E-1 
§.97249195550000E-1 
§.80541539610000E-1 

1 

g 


2.07914481600000E-1 604.299 700.0547! 16.89879933} _17.82709994| 3.047667899E-10} 3.104069988E-10 


6 


in] 
= 


28 


8 


29 


N 


9 


a 


29 


9.64395807130000E-12} 625.8701} 704.9400) 15.31535791| —17.15302212| _2.978052725E-10| _3.059016931E-10 
9.48691278110000E-12} 625.8799| 704.9929} 15.27317599| —17.12613343| 2.976178561E-10| 3.057453139E-10 
5.33464102950000E-12| 625.8894! 705.0443) 15.37785899; 17.09950944| 2.978302984E-10} 3.055907672E-10 


30 


RO] RO 


57 








|___Density | MinTemp |MaxTemp|  MinMW | MaxMW | MinCD |] MaxCD 
| 4.90491575590000E-12] 620.3265] 705.1901] 15.26116144/ __17.02116952| _2.970948663E-10| _3.051378191E-10 
| 306 
|___ 309) 
310 
: 
314 
315 
3.62898729590000E-12 
3.53250597240000E-12 
3.43883362730000E-12 
319] 3.34788050670000E-12 
32 
323 
324 
325 
| 326 
2,63846096250000E-12 
2.57043899300000E-12 
2.50433954700000E-12 
2.44010308160000E-12| 632.2235] 702.2185| 13.67721936|__ 16.41449736] _2.910308824E-10| _3.016790321E-10| 
2.37767201410000E-12 
2.31699170210000E-12| 632.2252] 702.2628| 1357597752; 16.37409283| _2.906410253E-10| _3.014635699E-10| 
2.25801044350000E-12 
2.20067467700000E-12 
2.14493682290000E-12 
2.090747 13930000E-12 
2.03806010770000E-1 
1,98683010860000E-1 
1.93701456380000E-1 
1.88856981400000E-1 
1.84145720140000E-1 
1.79563522890000E-1 
1.75106621880000E-1 
1.7077 1465560000E-1 
1.66554296260000E-1 
1.62451640240000E-12 
1.58460260180000E-12 
1.54576888460000E-12 
1.50798365570000E-12 
1.47121532000000E-12 
1.43543542470000E-12 
1.40061541600000E-12 
1.36672663910000E-12 
1.33374358150000E-12 
1.30163975060000E-12 
1.27038855280000E-12 
1.23996741889000E-12 
1.21035171846000E-12 
1.18151858528000E-12 
1.15344584218000E-12 
1.12611179905000E-12 
1.09949555584000E-12 
1.07357679757000E-12 


317 


03] 601 G01 G9] Go 
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Oo) Go 
CO {Oo 


Led Lins 


Wool oo Ww 


35 
35 
35 
35 


36 
36 
36 


o> 
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Attitude | Density | MinTemp |MaxTemp| | MinMW | MaxMW | MincD [| MaxcD 


{3659 1.04833589533000E-12) 645.2510] 709.8223] 12.12586161| _15.37589977| _2.852529276E-10| 2.967352440E-10 
| 366 
| 9.99753969650000E-13] 645.2516/  709.8425| 12.01061652| — 15.33028540| 2.848341004E-10] 2.965446343E-10 
| 368 
37 

371] 9.09885916810000E-13 
372] 8.88854190460000E-13 
373] _8.68364975980000E-13 
374] 8.48403057900000E-13 2.987104777E-1 

3 8.2895381 1800000E-13 2.986249728E-1 
8.10003204310000E-13 2.987289641E-10 
7.91537204090000E-13 2.986412526E-1 
7.73542730850000E-13 2.985536757E-1 
7.56006758340000E-13 2.984662067E-1 
7.389167 12340000E-13 2.983788256E-1 
7.22260219670000E-13 2.985645373E-1 
7.06025507170000E-13 
6.90201083750000E-13 
6.74775761320000E-13 
6,59738743830000E-13 
6.45079324270000E-13 
6.30787395650000E-13 
6.16853041020000E-13] 638.4833 
6.03266542440000E-13| 638.4840 
5.90018470020000E-13] 638.484 
5.77099794880000E-13| 638.485 
5.64501681170000E-13| 638.485 
5.52215489060000E-13| 638.4863 
5.40232869760000E-13] 638.4868 
5.28545774490000E-13 
5.17146148490000E-13] 619.5032| 740.4245] 10.29261578|  15.65301095| 2.786450863E-10| _2.979557216E-10| 
5.06026534030000E-13 
4.95179268390000E-13 
4.84597380900000E-13 
4.74273704870000E-13 
4.64156506740000E-13 
4.54333377680000E-13 
4.44748433150000E-13 
4.35395088540000E-1 
4.26267353280000E-1 
4.17359634820000E-1 
4.08665740590000E-1 
4.00180268080000E-1 
3.91897817770000E-1 
3.83813186160000E-1 
3.75920967750000E-13] 624.830 
3.68216348090000E-1 
3.60694417710000E-1 
3.53350561170000E-1 
3.46180062030000E-1 
3.39178500870000E-1 
3.3234 1553290000E-1 
3.25664897880000E-1 
3.19144507260000E-1 
3.12776354050000E-1 
3.06556505890000E-1 
3.00481131420000E-1 


CO 


: 


oo 


77 


Go] 89} 1 [<0 j 00 O/ Cn | }]09/ N93 ]—-2 10 
o 


84 
85 


Oo|~™) 


co; oo 


39 


—_ 
w 


9 


BLES 


ie) 
qn 


9 


39 
39 


40 
40 
40 


OO] NO] Cor ™ 
oo 


oO 


~ 


Qiao 
Com 
OQ hae 


> 


—> |] = | 
GOTO} 
oo 


Lo) 


~ 


1 


44 


42 
42 


| 


2.94546794310000E-1 
2.88749663200000E-1 
2.83086393790000E-1 
2.77553448750000E-1 


+» | 
Oo1tn GTR tO ~—~J 
: 


: 


Bo 








| sDensity =| MinTemp {MaxTemp| MinMW | MaxMW | MinCD — | —s MaxCD_— 
2.72141220110000E-13! 627.4600! 724.4985 854917712!  14.78446469| 2.724363885E-10| 2.942978131E-10 
2.66851558100000E-13| 627.4601| 729.1322)  8.49262309!  14.76706235| 2.722388110E-10/ 2.942736683E-10 
| «429: 2.61683081610000E-13] 627.4602! 729.1332) 8.43635847| 14.74091147| _2.720422679E-10| 2.941719382E-10 


|___ 435) 
| 436 
| 438) 
| 439 
| 440 
| ___- 4434 2.00475756480000E-13 
| 44S 
| 446 
| 449 
| __ 450) 
| 452 
| 453 
|. 455) 
| 458) 
| _ 459) 
| 460 
|___ 461 
| ___ 462) 
| 464 
| 465 
| 466 
| 469 
1.14079834011000E-1 

476] 1.12195175305000E-1 


0415 
0415 
0415 
0415 
0415 
0415 
0415 
644.0415 
645.3352 
645.3352 
645.3352 
647.5910 


i 


1.10348792781000E-1 
1.08539800761000E-1 
1.06767343269000E-1 
1.05030553631000E- 

1.03328634976000E-1 
1.01660770233000E-1 
1.00026171734000E-4 
9.84241014140000E-1 
9.685377 13060000E-1 
9.53144923500000E-1 
9.38055362820000E-1 
9.23262232450000E-1 


4 
4 
4 
4 
4 


i 


=—_ 


a 


: 


48 


: 


8 
48 


ve 
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Attitude] Density | Min Temp |MaxTemp | MinMW | MaxMW | MinCD_ | MaxCD 
| 490) 
| 494 
492 

493 

| ___- 4944 8.40097998120000E-14) 647.5911] 809.8203] 561215851] 14.42058992|  2.621414849E-10|  2.929419933E-10] 
495 
8.14450665770000E-14 
8.01993492900000E-14 
7.89773657300000E-14 
7.77785738520000E-14 
7.66024515120000E-14 
7.54485062680000E-14 
7,43162551800000E-14 
7.32052055070000E-14 
7.21149141110000E-14 
7.10449176540000E-14 
6.99947726990000E-14 
6.89640355100000E-14 
6.79523024520000E-14 
6.69591591920000E-14 
6.59841919950000E-14 
6.50270260310000E-14 
6.40872472660000E-14 
6.31645307720000E-14 
6.225847 17 180000E-14 
6.13687 154740000E-14 
6.04949466140000E-14 
5.96367802080000E-14| 653.6659 855.1116] 5.02070590| _14.07988916| _2.600177599E-10|  2.917459154E-10| 
§.87939305320000E-14 
§.79660426570000E-14 
5.71528204600000E-14 
521] 5.63539286140000E-14 
5.95691009970000E-14 

523 
5.32959736830000E-14 
5.25644426490000E-14 
5.18455650320000E-14 
5.11390741120000E-14 
5.04446936670000E-14 
4.97622068790000E-14 
4,90913568290000E-14 
4.84318868970000E-14 
4.77835799660000E-14 
4.52735380570000E-14 
4.46586958320000E-14 
4.40542131590000E-14 
4.34598931210000E-14 
4.28755278040000E-14 
4.23009297930000E-14 
4.173588197 10000E-14 
4.11802165250000E-1 
4.06337356410000E-1 
4.009627 18050000E-1 
3.95676272030000E--1 
3.90476438230000E--1 
3.85358794240000E-1 
3.80281575840000E-1 


497 
498 


50 


50 


~~] L@S) 
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525 
926 
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52 
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53 
53 


53 
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Ni IHS ©! d0|~ Ro|—{|O1@loo|~I pr SUa@lon 
SESE-S 
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54 
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____Density | MinTemp |MaxTemp| Min MW | MaxMW | MinCD | MaxCD 
| 554 
| 556 
557 
| 558 
3.33809087945000E-14 
3.29559912204000E-14 
3.25377625258000E-14] 645.3358 
3.21261002813000E-14/ 645.3358 
3.17208898983000E-14] 645.3358 
3.13220037479000E-14] 645.3358 
3.09293191017000E-14] 654.1717 
3.05427151915000E-14) 654.1717 
3.01621015491000E-14) 654.1717 
2.97873421068000E-1 ; 
2.94183512969000E-14| 647.6607 
571} 2.90550051119000E-14 647.6607 
9729 2.86972017045000E-14) 647.6607 
2.83448421677000E-1 

574 
575] 2.76560711381000E-14| 635.0195] 876.3740] 4.33476992| | 13.84521817|  2.574483744E-10|  2.908886311E-10| 
578 

579] _ 2.63396147515000E-14] 635.0195] 897.8230] 4.28551202|__13.93391128) _2.572658478E-10| _2.912281158E-10 
| _580 
|___ 581] _2.57104843955000E-14] 635.0195] 900.6514] 4.29455238| 1386824499 2.572012340E-10/ _ 2.909856893E-10 
627. 
2.36427657884000E-1 
627.4622 
626.1852 
624.6889 
2.25479328283000E-14| 624.6889 
624.6889 
624.6889 
624.6889 
624.0710 
61 
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Altitude | Density | Min Temp [Max Temp| = MinMW || MaxMW | MinCD_— | MaxCD 
| 614 
| 615 
| 616 

1 
1,67657022477000E-14 
1.65820580991000E-14 
1.64008507097000E-14 
1.62220575372000E-14 
1.60456368194000E-14 
1.58715467941000E-14 
1.56997476593000E-14 
1.55302087329000E-14 
1.53628801129000E-14 
1.51977542575000E-14 
1.503477 11647000E-14 
1.48739021126000E-14 
1.47151304395000E-14| 615.0334) 915.1416] 3.63605893|__12.75374496|  2.544987461E-10|__2.867254116E-10 
1.45583981036000E-14| 615.0334 915.1416 3.63059512| _12.71684740| 2.544732120E-10| _2.865876062E-10 
1.44036985432000E-1 
1.42509847966000E-1 
1.41002301021000E-14| 615.0334| 923.1199] 3.61454604/  12.66838614] _2.543078898E-10| 2.866281175E-10) 
1.39514005383000E-14] 626.1415] 923.1199] 3.60930667| __12.63176662|_ 2.543731949E-10|_ 2.864906846E-10) 
1.38044683634000E-14 
1.36594097560000E-14 
1.35161999146000E-14 
1.33747948178000E-14 
1.32351767341000E-14 
1.30973178021000E-14 
1.29611911405000E-14 
1.28267688879000E-14] _606.8904| 937.2985 3.52504946| __12.51219360| _2.539785325E-10] _2.860950875E-10 
1.26940291532000E-14 
1.25629441049000E-14 
1.24334898020000E-14] _606.8904| 937.2986] _3.53655749|  12.39932423|__2.541538916E-10|_ 2.856690744E-10| 
1.230564 14131000E-14 
1.21793760072000E-14| 699.5495] 910.9915] 4.32435519|__12.17673363| __2.572003655E-10| 2.845799690E-10) 
1.20545079866000E-14 
1.19307743556000E-14 
1.18085687257000E-14 
1.16878692058000E-14 
1.15686528948000E-14 
1.14508979016000E-14 
1.13345832853000E-14 
1.12196891748000E-14 
1.11061926092000E-14 
1.09940757075000E-14 
1.08833175288000E-14 
1.07738971621000E-14 
1.06657976467000E-14 
1,05589981015000E-14| 722.0226] 950.9598] _4.17513812| _11.92140555|__2.565586947E-10 _2.839545319E-10) 
1.04534815658000E-14 
1.03492261087000E-14 
1.02462217795000E-14 
1.01444426473000E-1 
1.00438737813000E-1 
9,94450021090000E--1 
9.84630301520000E--1 
9.74926621360000E-1 
9.65337388530000E-1 
9.55860903970000E-1 
9.46495774610000E-1 
9.37240304380000E-1 


~ 


619 


62 
62 
62 


62 
62 


630 
631 
632 
63 
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Altitude [Density | Min Temp [Max Temp | Min MW | Max MW | MinCD | MaxCD 
| 9.28092898210000E-15| 716.8719] 959.0155] _3.98561092| __11.77837345| _2.558056514E-10| _2.834390573E-10| 
679 
| __681 
| 682 
: 
| 6844 8.50396816950000E-15] _716.6423| 959.5249| _3.90474722| _10.83737739| __ 2.554892202E-10|__2.797695421E-10| 
|___ 685) 
68 
8.029047 1580000E-15 
691f _7.95300668880000E-15 
7.87782471360000E-15 
7.80348978980000E-15 
7.72998896680000E-15 
7.65731422440000E-15 
7.58545258210000E-15 
7.51439304950000E-15 
7.44412763630000E-15| 652.1697| 960.8954/ 3.55626156| __10.47101104|  2.539720009E-10| _2.782078621E-10| 
7.37464336200000E-15 
7.30593220640000E-15| _ 651.6952) 1010.5910| _3.50623301|__10.71907156| _2.538958455E-10| _2.791370505E-10 
701] _7.23798219900000E-15 
7.17078531960000E-15 
7.10432959770000E-15 
7.03860704300000E-15 
6.97360862530000E-15 
6.90932436420000E-15 
6.84574427930000E-15 
6.78286133050000E-15 
6.72066455730000E-15 | 
6.65914691960000E-15 
6.59829846690000E-15 
6.53811114910000E-15 
6.47857798590000E-15 
6.41968896700000E-15 
6.361436 10210000E-15 
6.30381238100000E-15 
6.24681079350000E-15 
| __7184 6.19042034920000E-15 
| 7194 6.13463602800000E-15| 641.7267 
|__— 720 6.07945081970000E-15| 641.7267 
| 721 6.02485474390000E-15| 641. 
5.97084177050000E-15| 641.7267 
5.91740488930000E-15| 641.7267 
5.86453712000000E-15| 641.7267 
5.81223243250000E-15| 641.7267 
6 
7 


ul 


> 


93 


tek tte) 
Cols 


S|] 
=) =] 
i 


ui 


—_ 
baa | 
NO 
[*>) 
~ 


| 7264 5.76048182650000E-15| 643.6260 
| 7274 §.70927930180000E-15} 640.8104 
5.65861784820000E-15| 640.8104 
| 7204 5.60849143560000E-15} 640. 


5.55889406380000E-15| 640.8104 
640.8104 
640.8104 
640.8104 
644.2802 
644.2802 
644.2802 


be 
= 
2 


| __—- 7329 5.46125944170000E-15 
5.41320817 100000E-15 
5.36502383540000E-15 
9.31465986650000E-1 
§.26487212610000E-1 


29 

30 
5.50981875250000E-15 

32 

3 


“Ii 


64 











Density | Min Temp |MaxTemp | MinMW || MaxMW | MinCD_ | MaxCD 


738 

739 

74 

743] _4.93824726110000E-15 

44] 4.89373864630000E-15 
4.84971925710000E-15 
4.80546182940000E-15 
4.75876297880000E-15| 631.1921| 997.8987| _3.10077498|_9.66450143| __ 2.518176589E-10| _ 2.752697910E-10) 
4.71261385090000E-15 
4.66700648530000E-15 
4.62193494 160000E-15 
4.57739125940000E-15 
4.53336848830000E-15 
4.48985967790000E-15 
4.44685686780000E-15 
75 

756 

757 

| 4.23920811990000E-15| 649.6679} 1001.2130|  3.12762204| _9.32213293| _2.519404610E-10 _2.741036650-10) 
| _4.19910509440000E-15| 620.6118] 1001.2130| 2.99366307| _9.27922802| _2.512329948E-10| _2.739428877E-10 
763 

| 4.00463493230000E-15| 620.6118] 1011.4230| _2.95240796| _9.19443682|_ 2.510011260E-10| _2.735950749E-10. 
766] _3.96643372050000E-15| 619.2989] 1011.4230| 2.94895814| 9.15154314|  2.509822650E-10| _2.734341398E-10 

_ 767] 3.92867464640000E-15 
3.89047455020000E-15 
3.85066699330000E-15 
3.81134151900000E-15 
| 3.77248820670000E-15 
3.73410307620000E-15 
3.69617819700000E-15 
3.65870863870000E-15 
3.62168739110000E-15 

77 
79 

| 3.37459688898000E-15| 654.1193] 917.6834) 2.87963742| __4.98771639| _ 2.505674731E-10|__ 2.589365843E-10| 
78 

786] 3.24237982029000E-15 

787] __3.21029091558000E-15 
3.17857999528000E-15 
3.14723916710000E-15 
3.11626467676000E-15| 621.1934] 994.6604| 2.76429169|__7.60758357| _2.499337975E-10| _ 2.680396619E-10 
3.08565185799000E-15 
3.05539594651000E-15 
3.02549146207000E-15| 621.1934] 994.6605} 278097014] __7.49281937| _ 2.500417979E-10|  2.676131225E-10 
2.99593474840000E-15 
2.96672032525000E-15 
2.93784473237000E-15 
2.90930258752000E-15 
2.88108942045000E-15 
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Altitude | —_Density | MinTemp |MaxTemp| Min MW |) MaxMW | MinCD | MaxCD 
| 804 
04 
2.69247119552000E-15 
2.66674422453000E-15 
2.64130965534000E-15 
2.61616451775000E-15 
2.59130382156000E-15 
2.56672560657000E-15 
2.54242599059000E-15 
2.51839916944000E-15 
2.49464429093000E-15 
2.47115747287000E-15 
2.44793411710000E-15 
2.42497043944000E-15 
2,40226578372000E-15 
2.37981434576000E-15 
2.35761354740000E-15 
2.33566081048000E-15 
2.31395264485000E-15 


Ww 


80 
80 
80 
80 


81 
81 
81 
81 


= | od 
ok Ooj~] 4} Ooh | — CO | COlL™]3 | 
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©0]0o 


| 2.33566081048000E-15 

| 2.31395264485000E-15; 
| 825) 
| 826) 
|__ 829) 
| __-830) 
| 832 
| 835) 
830] 1.96169845003000E-15 
655.0193 


n 


534 1.73175660104000E-15} 655.0193 
1.71661556811000E-15| 655.0193 
1.70163598242000E-1 
1.6868 1503989000E-1 
1.67214974042000E-1 
1.65763939794000E-1 
1.64328212036000E-1 
1.62907510360000E-1 


85 
85 


86 
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| Altitude f Density | MinTemp |MaxTemp| MinMW | MaxMW | = MinCD =| _—sMaxCD_—s 
| = 861) 1.61501766159000E-15) 655.5278] 1061.7530]  2.57169898!  6.34461939] 2.488449842F-10| 2.627496434E-10 
1.60110800025000E-15| 655.5278} 1061.7530|  2.56834333]  6.31046389| 2.488265192E-10/ 2.626187004E-10 


| 863 
1.57372282326000E-15 
| 865 
| 1.49477492721000E-15| 660.8007} 104.2030] 2.52205553| __6.02209109] _2.485625637E-10| 2.618036738E-10 


873 

874 

875 

879 
1.36175740740000E-15 
1,35039872429000E-15 
1.33915617561000E-15 
1.32802846032000E-15 
1.31701438436000E-15 
1.30611234967000E-15 
1.29532115621000E-15 
1,2846397 1092000E-1 ) 
1.27406661176000E-1 , 
1.26360056367000E-15| 633.7282 
1.25324036661000E-15| 633.7282 
1.24298492453000E-15| 633.7282 
1.23283293938000E-15| 633.0153 
1.22278311311000E-15| 633.0153 
1.21283454569000E-15| 633.0153 
896] 1.20298574305000E-1 . 
897] 1.19323590018000E-15| 624.5458 
898] 1.18358372501000E-15| 624.5458 
899] _1.17402801750000E-15| 624.5458 
1.16456787762000E-1 
1.15520220633000E-1 . 
1.14592980658000E-15| 622.8868 
1.13674968033000E-15| 622.8868 
1.12766072555000E-15| 622.8868 
1.11866214620000E-15| 622.8868 
1.10975264124000E-1 
1,10093131363000E-15| 622.8868 
1.092197 16533000E-15| 633.9222 
1,08354939432000E-15| 630.4340 
1.07498670255000E-15; 630.4340 
1.06650838900000E-15| 630.4340 
1.05811345862000E-15] 630.4340 
1.04980080938000E-15| 630.4340 
1.04156984126000E-15| 630.4340 
915] _1.03341935721000E-15| 650.8807 
916] 1.02534875422000E-15| 622.7758 
917] 1.01735683524000E-15| 622.7758 
918] 1.00944290224000E-15| 622.7758 
1.00160605220000E-15| 622.7758 
9.93845486090000E-16/ 622.7758 
622.7758 


9.86160205870000E-1 
9.78549510520000E-16} 636.2059} 1060.8450| 2.06545015| —_ 4.68303328} 2.459993565E-10| 2.570046721E-10 
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Altitude | __Density | MinTemp [Max Temp | MinMW |) MaxMW | MinCD_ | MaxCD 
9.27294947060000E-16 
9.20251939670000E-16 
9.13276616920000E-16 
9.06367980770000E-16 
8.99525529210000E-16 
8.92748264200000E-16 
8.86035784730000E-16 
8.79387 187780000E-16 
8.72801778310000E-16 

_8.66278953310000E-16 
8.59818 112760000E-16 
8.53418454640000E-16 
8.47079280920000E-16 
8.40800089590000E-16 
8.34580081620000E-16 
8.284 18856000000E-16 
8.22315512700000E-16 
8.162696507 10000E-16 
8.10280370000000E-16 
8.04347370560000E-16 
7.98470049380000E-16 
7.92647509420000E-1 
7.86879447680000E-1 
7.81165163140000E-1 
7.75504257780000E-1 | 
7.69895828580000E-16 
7.64339578520000E-16 
7.58835002600000E-16 | 
7,53381301790000E-16 
7.47978176080000E-16 
7.42625025450000E-16 
7.37321246890000E-16 
7.32066439390000E--1 
7.26860005920000E-1 
7.21701444470000E-1 
7.16590253030000E-1 
7.11526030590000E-1 
7.06508177130000E-1 

967] 7.01536291640000E-1 

968] 6.96609774100000E--1 

6.91728223500000E-16 

97 

97 

974 

97 
977] _6.54239922070000E-16 
6.49742735380000E-1 
6.45286107510000E-1 
6.40869536450000E--1 
6.36492624180000E-16 

6.321551657 10000E-16 

6.27856463010000E-16 

6.235964 15080000E-16 
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Altitude | Density | MinTemp |MaxTemp | MinMW [| MaxMW | MinCD | Max CD 
| _985 
|___990 

99 
| 992) 
| _-993; 
|___-994 
| 995) 
| 996 
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RESULTS FOR 99™ QUANTILE OF ATMOSPHERIC DENSITY 


wd 


[Altitude [| Density | Min Temp | MaxTemp | MinMW |) MaxMW | MinCD_ | MaxCD_ 
| 
omen. 
ote 
| 4 
1 
1 
1 
1 
1 
3.81978934273469E.01 
3.43268787328163E-01 
3.05325945984490E-01 
2.69478164340000E-01 
2.32746644790000E-01 
1.97749168650000E-01 
1.66055428440000E-01| 196.4887 
1.37672035727510E-01| 198.4402 
1.14690979243837E-01| 201.3462 
204.6106] 215.6309] 28.95990936] 28.95991000! _3.702754577E-10] _3.702754607E-10 
214.8227 
215.7856 
216.7118 
§.01406176291429E-02| 217.6371 
4.27714996459592E-02| 217.7306 
3.65770258677551E-02 
3.17192918130000E-02| 234.9122[ 236.4358] 28.95990941| 2895990990 _3.702754580E-10| _3.702754606E-10| 
2.73038138010000E-02 
2.35004536800000E-02 
2.02334076450000E-02 
1.74283206174000E-02 
1.11754362060000E-02 
9.65254257990000E-03 
8.34673195620000E-03|  256.9136|  258.0394| 28.95990936| 28.95990993]3.702754580E-10| 3.702754608E-10| 
7.22761689870000E-03 
6.26868194040000E-03 
§.44690419570000E-03 
4.74240732570000E-03 
4.13809389180000E-03 
3.64507 114950000E-03 
3.22171563780000E-03 
2.85160492980000E-03 
2.52735031197000E-03 
2.24272286964000E-03 
1.992501 10422000E-03 
1.77223050873000E0 
1.57807083357000E-03 
1.40656134663000E-03 
1.25481520098000E-03 
1.12042694016000E-03 
1.00134799083000E-03 
8.9547 1069680000E-04 
8.01174056760000E-04 
7.17041085750000E-04 
6.41815202160000E-04 
5.74416581310000E-04 
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Altitude | Density | MinTemp | MaxTemp | MinMW |) MaxMW | MinCD | MaxCD 
| 59 
| 60 
| 
3.66536940660000E-04 
3.26862226152000E-04 
2,91095074809000E-04 
2.58835833630000E-04 
2.29747774905000E-04 
2.03534 112573000E-04 
1.79931173796000E-04 
1.58703677451000E-04 
1,39678747461000E-04 
1.22692451112000E-04 
7 
73 
74 
75 
9.94275 180800000E-05 
4.80879439920000E-05 
4.13941565070000E-05 
3.53106937359000E-05 
2.49299106408000E-05} _151.6293|__152.6894/ 28.94715654| 28.95305641/ 3.703169994E-10/ _3.703412284E-10 
2.06190493938000E-05 
1.36736901378000E-05 
1.09741408722000E-05 
6.8891 1026760000E-06 
5.39737748550000E-06 
| 3.64907508266939E-06] 182.2514] _ 182.9648| | 28.85219871| 28.85601167| _3.701698630E-10| _3.701842663E-10| 
93 
1.91048730345000E-06 
1.31464504215000E-06 
8.75067560730000E-07 | 156.2265] 28.43809275| 28.45596281| 3.686937260E-10| _3.687733791E-10 
7.05479182650000E-07 
5.64746413770000E-07 
4.49992062630000E-07 
3.59450599860000E-0 
2.87796156120000E-07 
2.32464846240000E-07 
1.94431595886000E-07 
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1.62748283049000E-07; 206.411 212.1742} 27.51352054| 27.84280129| 3.639291785E-10| 3.652352828E-10 
1.36340074233000E-07| 211.113 217.6996| 27.37527769| 27.73532652! 3.632954392E-10| 3.647400706E-10 
1.13240259024245E-07| 216.585 224.2200| 27.22583005| 27.65509767| 3.626395216E-10| 3.644966220E-10 
9.51182957218775E-08| 223.1735] 231.6866) 27.08042235| 27.52461787| 3.619644290E-10} 3.638450558E-10 
230.7843; 240.2889] 26.93291798} 27.40965032| 3.612738250E-10| 3.633119115E-10 

6.74575395120000E-08;} 239.7262} 250.1435) 26.78431168| 27.25558053| 3.605719394E-10| 3.624621124E-10 
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5.69844219497 143E-0 
4.82712103755918E-0 
4.10340158728 163-08 
3.5015926087 1020E-08 
3.04927085733061E-08 
2.69473129523265E-08 
2.38579274622857E-08 
2.11749985542857E-08 
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Altitude | Density | MinTemp | MaxTemp | Min MW |) MaxMW |) MinCD_ | MaxCD_ 


Poser 12i 
Ls aemnee 
| 1.42654251766041E-08| 528.4109) 529.4152] 26.71077509|  27.21015447| 3.621539889E-10/ 3.645722734E-10 
| 126 
| 128) 
| 134 
| 135) 
| 5,33604958758367E-09| 652.5501] 745.0264; 26.15877013| 26.60475000| 3.576979489E-10| _3.607128388E-10| 
| 143) 
| 149) 
| 150 
| 152) 
| 154 
| 156 
| 158) 
| __ 160) 
| 165 
| ___168) 
[169 
| 180 
| 184 
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LAltitude | Density | MinTemp | MaxTemp | MinMW |) MaxMW | MincD_ | MaxCD 
| 183 
| 184 
| 185) 
|___ 186 
|__7.29195430590000E-10| 1125.1650| 114.9300] 24.70209832|_24.86738532|_3.514662872E-10| _3.523714951E-10| 

18 

189} _6.87703763340000E-10 
6.68057751900000E-10 
6.49101922920000E-10 
6.30807 133770000E-10 
6.13144687320000E-10 
5.96087098200000E-10 
5.79608690760000E-10 
5.63684901120000E-10| 1156.3030| 1178.7590| _24.44236835| 24.62325593| _3.499772452E-10| _3.509811882E-10 
5.48292476160000E-10 
5.33409467580000E-10 
5.19015038850000E-10 
§.05089261270000E--10 
4.91656320540000E-10 
4.78609882740000E-10 
4.65978547980000E-10 
4.53745913940000E-10 
4.41896784120000E-10 
4.30416364950000E-10 
4.192905707 10000E-10 
4.08506117184000E-10 
3.98050127937000E-10 
3.87910728612000E-10 
3.78075949218000E-10 
3.68535023406000E-10 
3.59277088302000E-10 
3.50292184407000E-10 
3.41570654964000E-10 
3.33103046463000E-10| 12049070] 1232.4100| 23.85069278| 24.06606035| 3.465448540E-10| _3.477667425E-10) 
3.24880508007000E-10 
3.16894691025000E-10 
3.09137349609000E-10 
3.01600740177000E-10 
2.94277321305000E-10 
2.87159953311000E-10 
2.80241798859000E-10 
2.73516122187000E-10 
2.66976689265000E-10 
2.60617368033000E-10 
2.54432427381000E-10 
2.48416038288000E- 
2,42562972663000E-1 
2.36867904009000E-1 
0 
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19 
19 
19 
194 


19 
19 


20 
20 


20 


21 
21 
21 


21 


21 
22 


22 
22 
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2.31325906878000E-1 
2.25932157297000E-1 
2.207 10029265000E-1 
2.15644701987000E-1 
2.10712456251000E--1 
20590917227 1000E-1 

6280 

0 


23 
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nN? 
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Oj/o|o 


23 


bene | 


2.01231030924000E-1 
1.96674113889000E-1 
1.92234903795000E-1 
1.87909684182000E-1 
1.83695838876000E-1 
1.79588753091000E-1 
1.75585912128000E-1 
1.71684302229000E-1 
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| Altitude J Density =| MinTemp| MaxTemp | MinMW | MaxMW | MinCD | ~~ MaxCD_ _| 
| __ 246] —1.64172823056000E-10| 1246.1570| 1383.8790| 22.92791508| 24.20123195| 3.411026456E-10; 3.485938884E-10 
1.60557429087000E-10 
1.57032016614000E-1 
4.53593974611000E-1 
1.50240892329000E-1 
1.469703597 12000E-1 
1.43779967001000E-1 
1.40667505011000E-1 
1.37667461184000E-1 
1.34747529840000E-1 
1.31897503881000E-1 
1.29115475280000E-1 
1.26399636693000E-1 
1.23748180776000E-1 
1.21276689039000E-1 
1.19119441122000E-10 
1.17007357599000E-10 
1.14939132363000E-10 
1.12913759475000E-10 
1.10930133303000E-10 
1.08987448383000E-10 
1.07084699667000E-10 
1.05220782018000E-10 
1.03394690883000E-10 
1.01605621491000E-10 3.202366432E-10| 3.204886606E-10 
9.98524694970000E-11 
2724 _9.81345406140000E-11| 1342.2450] 1345.2130] 19.37684025| 19.41603148| 3.199238950E-10| _3.201749166E-10 
273] __9.64509708690000E-11 
274 
278 
| __ 2834 —8.13355996959000E-11| 1349.9970/ 1353.0620/ 19.10192439/ 19.13999323/ 3,182662863E-10] 3.185110485E-10| 
| __ 2849 7.99808489469000E-11| 1350.6170| 1353.6900| 19.07780681| 19.11576353| 3.181207627E-10| 3.183648901E-10| 
| __ 2859 _7.86520656306000E-11| 1351.2240/ 1354.3050| 19.05383061[ 1909167418] 3.179760785E-10| —3.182195641E-10 
| _-286 _7.73486670627000E-11| 1351.8180| 1354.9070| 19.02999681| 19.06772564| 3.178322414E-10} 3.180750754E-10| 

289] 7.35852345228000E-11/ 1353.5290{ 1356.6400/ 18.95934052/ 1899671926] 3.174057689E-10| 3.176466084E-10 
29 
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Altitude [Density [Min Temp | MaxTemp | | MinMW || MaxMW | MinCD_— | MaxCD 
| _ 309 
31 

312] _5.10696664731000E-11 

313] _5.03149111146000E-11/ 13639560] 1456.0100]_ 18.39456774) 1844611735] 3.142445079E-10| 3.146748454E-10 
4.95730054413000E-11 

1 
4.81266993141000E-11 
4.74218169876000E-11 
4.67288006427000E-11 
4.60473994233000E-11 
4.53774025089000E-11 
4.47185891097000E-11 
4.40707284567000E-11 
4.34336198274000E-11 
4.28070624894000E-11 
4.21908357717000E-11 
4.15847490102000E-11 
327} 4.09886115507000E-11 
4.04022427875000E-11 
3.98254421070000E-11 
3.92580289530000E-11 
3.86998327584000E-11 
3.81506829759000E-11 
3.76104090879000E-11 
3.70788406065000E-11 
3.65558170230000E-11 
3.6041187887 1000-11 
3.55347827307000E-11 
3.50364611223000E-11 
3.45460726314000E-11 
3.40634768562000E-11 
3.35885233860000E-11 
3.312107 18586000E-11 
3.26609918811000E-11 
3.2208 1431012000E-11 
3.17624051844000E-11 
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3.13236477774000E-11| 1468.3520 3.110748590E-10]} 3.112523360E-10 
1468.672 
1468.986 
3.00479854554000E-1 
2.96359069743000E-1 
2.92301974800000E-1 
2.88307567053000E-1 
2.84374743840000E-1 
2.80502302509000E-1 
2.76689240685000E-1 
2.72934555894000E-1 
2.69237145672000E-1 
2.65596107921 100E-1 
2.62010440355400E-1 
2.58479140867200E-1 
2.55001307398200E-1 
2.51575937959500E-1 
2.48202230601600E-1 
2.44879283454300E-1 
2.41606 1947 16700E-1 
2.38382061261300E-1 
2.35206179653500E-1 
2.32077651606900E-1 


3.08917305576000E-1 
3.04665532182000E-1 
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Altitude [Density | Min Temp | MaxTemp | Min MW | MaxMW | MincDMaxCD_ 

369 

2.25959549824800E-11 

371] 2.22968373021900E-1 

2.20021443635400E-1 

2.17118060260200E-1 
4960 


w 
~ 


— 


374] 2.14257421521000E-1 
2.11438826082000E-1 
2.08661672646900E-1 
77]__2.05925159969100E-11| 1476.074 


| 369 

| 1476.0740 

2.03228586841500E-1 
|__380 

| 383) 

| ___ 384 

| 385 

| __ 386 


0740 
2.0057 1452076600E-1 
1.97953054536600E-1 
1.95372593133300E-1 
1.92829666758300E--1 
1.90323474412500E-1 
1,87853515066800E-1 
1.85419287731700E-1 
1.83019991487300E-1 
1.80655225393500E- 
1.78324388569800E-1 
1.76026980135600E--1 

6050 


w& 
tO 


1.73762299279800E-1 
391 1.71529945171200E- 
1.69329417018300E-1 
1.67160214049400E-1 
1.65021735542400E-1 
1.62913580765100E-1 3.071846499E-10! 3.073257345E-1 
1.60835149025100E-1 3.071175163E-10| 3.072579102E-1 
1.58786139629700E-1 3.070508234E-10} 3.071905275E-1 
1.56765951926100E-11| 1479.3750 3.069845665E-10| 3.071235855E-1 
_1,54774185291000E-1 3.070570795E-1 


| __389 
| __390 
|___ 392 
|____ 393 
| 394! 
| 395) 
| 396) 
| ___ 398 
| 399 
| 400) 1.52810439081300E-1 3.068533538E-10| _3.069910080E-1 
| ___ 404 
| 404) 
| __ 406 
|___ 409 
| _410 
| 414 
| 412 


© 


© 
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4,51042374192600E-1 3.069153170E-1 
1.49128168543200E-1 3.068503590E-1 
1.47240881518500E-1 3.067858191E-1 
3.067216957E-1 
3.066579891E-1 
3.064607187E-10} 3.065946907E-1 
1.39951309004100E-1 3.063984987E-10| 3.065318016E-1 
4089 1.38191807239200E-1 3.064693192E-1 
1.36456721052300E-1 3.064072384E-1 
1.34745749978400E-1 3.063455616E-1 
1.33058393572500E- 3.062842798E-1 
1.31394251429100E-1 3.062233947E-1 
1.29753023112900E-1 3.061629012E-1 
1.28134408218300E-1 3.061027978E-1 
1.26538006349700E-1 3.060430799E-1 
4.24963517121300E-1 3.059837505E-1 
1.23410540177100E-11/ 1481.4840 3.059247997E-' 


1.45379912574600E-1 
1.43544861187200E-1 
1.41735526831800E-1 
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1.21878775141200E-11| 1481.5770| 1483.9640} 16.89529290| 16.91244534| 3.057400816E-10} —3.058662301E-1 

1.20367921667400E-11| 1481.6690! 1484.0570{ 16.88504549| 16.90209134/ 3.056825197E-10} —3.058080362E-1 

1.18877679409500E-11} 1481.7590| 1484.1480| 16.87485462; 16.89179466| 3.056253273E-10) 3.057502168E-1 
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42 
42 
42 
42 
42. 
42 
42 
42 


1.17407648051100E-1 3.056927701E-1 
1.15957527265800E-1 1484.3250 3.055120462E-10|. 3.056356904E-1 
4.14527116746900E-1 3,055789759E-1 
1.13116116168000E-1 3,054002154E-10! 3.055226265E-1 
1.11724125272100E-1 3.053448378E-10} 3.054666365E-1 
1.10350843762500E-1 1484.6620 3.054110073E-1 
1.08996170688900E-1 3.053557308E-1 
1.07659706319000E-1 3.053008095E-1 
1.06341150573900E-1 3.052462369E-1 
4.05040203216300E-1 1484.9760 3.051920152E-1 
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Altitude [Density | MinTemp | MaxTemp | Min MW |) MaxMW | MinCD | MaxCD 
1,03756763969100E-11| 1482.6510| 1485.0520| 16.76636366] 16.78217776| _3.050199342E-10| _3.051381361E-10 
1.02490432614900E-11| 1482.7250| 1485.1260| 16.75681709| _16.77253197| _3.049669884E-10| _3.050845988E-10 
1,01241108896400E-11| 1482.7960| 1485.1990| 16.74732102| 16.76293794| —3.049143771E-10| _3.050314043E-10 
1.00008292616100E-11| 1482.8670] 1485.2700/ 16.73787516| _16.75339451| _3.048620992E-10| _3.049785459E-10 


9.87919635285000E-12} 14829370) 1485.3400) 16.72847926; 16.74390177| 3.048101546E-10; 3.049260237E-10; - 


| __-436 
| 438 
| 440 
| 443 
| 444 
| ___—-445 
| _-446 
447 

448 
|___-449 
| __-450 
| 454 
| __456 
457 

| 458 
| __-459 
| __-460 
| 462 
6.96642869646900E-12 
6.88437644964300E-12 
6.80337049075200E-12 
6.72339681080100E-12 
6.64443840129300E-12 
6.56648325382500E-12 
6.48951736019400E-12 
6.4135257 1249500E-12 
6.33849530301900E-12 
6.26441303990700E-12 
6.19126597782000E-12 
6.11904013488900E-12 
6.04772450419500E-12 
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47 
47 
47 
47 
47 
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5.97730507911900E-12| 1485.0010} 1487.4330| 16.37350778| 16.38541372| 3.028923788E-10} 3.029869852E-10) 


5.90776985313900E-12 
§.83910781983100E-12 
5.77130497326900E-12 
5.70435130742400E-12 
5.63823481646700E-12 
9.57294349486600E-12 
5.508467337 18600E-12 
5.44479333809400E-12 
5.38191149265000E-12 
§.31981179551800E-12 
5.25848224225500E-12 
5.19791382792000E-12 
5.13809549411400E-12 
5.07901728915900E-12 
5.02066921098600E-12 
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Density | Min Temp | Max Temp | MinMW || MaxMW | MinCD | MaxCD_ 
| 494 
| 495) 
| _-496 
498 
| __ 499) 
| 500) 

2 
4.42431761379300E-12 
4.37400476478900E-12 
4.32430499694600E-12 
4.27521030740100E-12 
4.2267 1169349000E-12 
4.17880315234800E-12 
4.13147568160800E-12 
4.08472227850500E-12 
4.03853494086900E-12 
3.99290566613400E-12 
3.94782945202800E-12 
3.90329629648200E-12 
3.859300197 12600E-12 
3.81583515198600E-12 
3.77289215899200E-12 
3.73046621626800E-12 
3.68855032164300E-12 
3.64713747354000E-12 
3.60622066998600E-12 
3.56579490930300E-12 
3.52585218991500E-12 
3.48638750994600E-12 
3.44739386801700E-12 
3.40886526245100E-12 
3.37079669176800E-12 
3.33318115468800E-12 
3.29601264963300E-12 
3.259287 17522100E-12 
3.22299773027 100E-12 
3.18713831340300E-12 
3.15170392343400E-12 
3.11668955918100E-12 
3.08209021936200E-12 
3.04789885785000E-12 
3.01411236624300E-12 
2.98072390096800E-12 
2.94772846094100E-12 
2.91512304477900E-12 
2.88290065179600E-12 
2.85105728090700E-12 
2.81958793092900E-12 
2.78848860097500E-12 
2.75775329025900E-12 
2.72737899769500E-12 
2.69735972249700E-12 
2.66769146387700E-1 
2.63837021817600E-1 
2.60939194401600E-1 
2.58075068516100E-1 
2.55244444092000E-1 
2.52446721050700E-1 
2.49681599313300E-1 
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Altitude | Density | Min Temp | MaxTemp | | MinMW | MaxMW | MinCD | MaxCD 
|____555) 
| __ 556 
5 
2.38938724114200E-12 
2.36330407932300E-12 
2.33752292675550E-12 
2.31204078273960E-1 
2.28685264689420E-1 
2.26195551858870E-1 
2.23734639727170E-1 
2.21302128246210E-1 
2.18897617372830E-1 
2.16520707065850E-1 
2.14171297254090E-1 
2.11848787921320E-1 

570 

572 

574 

575 
| __-580 
| 584 
8 
1.81993184757450E-12 
1.80038578032720E-12 
1.78106071254210E-12 | 
1.76195561997510E-12 
1.74306752602290E-12 
1.72439343137160E-12| 1486.6960| | 1489.1550| 15.62434947| 15.63631532| _2.993787309E-10|  2.994456391E-10| 
1.70593033583610E-12 
1.68767723904120E-12 
1,66962914103150E-12 
1.65178604134170E-12 
1.63414493985600E-12 1486.7210 
1.61670183651900E-12} 1486.7260 
1.59945573102480E-12| 1486.7310 
1.58240462317740E-12| 1486.7350 
1.56554451295110E-12| 1486.7400 
1,54887539997960E-12| 1486.7440 
1,53239328427680E-12/ 1486.7490| 1489.2090| _15.55225686| 15.56509153| 2.990820845E-10| _ 2.991493062E-10 
1.51609616566650E-12] 1486.7530 
1.49998204400220E-12| 1486.7580 
1.48404891910770E-12 
1.46829479086620E-12 
1.45271665922130E-12 
1.43731352395620E-12 
1.42208238505410E-12 
1.40702224228830E-12 
1.39213009567170E-12 
1.37740394508750E-1 
1.36284279036840E--1 
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61 
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1.34844363151740E-1 
1.33420546835730E-1 
1.32012530093070E-1 
1.30620212906040E--1 
1.29243395269890E-1 
1.27881877179870E-1 
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| Altitude } Density =| MinTemp | MaxTemp | MinMW | MaxMW | MinCD | _——sMaxCD_— 
622 1.20024458724060E-12| 1486.8340] 1489.2960| 15.39687332| 15.41182864| 2.984623111E-10| | 2.985312725E-10| 
62 

628] 1.12674722536530E-12 
6299 1.11496598062740E-12 
6309 1.10331573061050E-12 
631} 1.09179247553640E-12 
632§  1.08039721513680E-12 
633) _ 1.06912694954340E-12/ 1486.8640| 1489.3270| 15.31951115| 15.33559440/  2.981621902E-10|  2.982325024E-10| 
1.05798067868790E-12 
635] 1.04695640263170E-12 
636] _1.03605312129660E-12 
637) _1.02526983464400E-12 
63 
63 
9.63007003322100E-13 2.978851939E-10| 2.979570261E-10| 
9.53023479526800E-13 
9.43149050405100E-13 
9.33382315998000E-13 
9.23722176276900E-13 
9.14167331272800E-1 

9000 
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64 


9.047 16579353400E-1 
8.953688 18084400E-1 
8.86122751704300E-1 
8.76977280214200E-1 
8.67931203625200E-1 
8.58983421938400E-13 
8.50132735184700E-13 
8.41378243345200E-13 
8.327 18546470800E-13 
8.24152844542500E-1 
8.15679937591200E-13] 1486.9180| 1489.3820/ 15.12606492/ | 15.14512813|__2.974289574E-10| _ 2.975052894E-10, 
8.07298725627900E-1 
7.99008208683300E-1 
7,90807386748500E-1 
7.82695259854200E-1 
7.74670728021300E-1 
7.66732891270500E-13 
7.58880649622700E-13 
7.51113103088700E-13 
7,43429351699100E-13 
7.35828395464800E-13 
7.28309234426400E-13 
7.20871068584700E-13 
7.13512797990300E-13 
7.06233722643900E-13 
6.99032842576200E-13 
6.91909257807900E-1 
6.84862168379400E-1 
6.77890674301500E-1 
6.70993975594800E-1 
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Altitude | _Density | Min Temp | MaxTemp | | MinMW | MaxMW |) MinCD | MaxCD 

680 
| 684 
| 682 
83 
84f  6.31136787880500E-13|_ 1486.9530) 1489.4170| 14.92241705| 14.94478254| 2.966757649E-10| _ 2.967616686E-10 
6.24740257597500E-13 
6.18412122900000E-13| 1486.9550| 1489.4200| 14.90525226| 14.92790072| 2.966129829E-10| _ 2.966997308E-10| 
6.12151383848400E-13 
6.05957440443300E-13 
§.99829592715100E-13}  1486.9580 
5.93767040704200E-13| 1486.9590 
5.87768984431200E-13| 1486.9600 
5.81834823926400E-13]_1486.9610 
5.75963759230200E-1 , 
5.70155090353200E-13/ 1486.9630 
§.64408217335600E-13] 1486.9640 
§.58722340207900E-13} 1486.9650 
5.53096759000500E-13| 1486.9660 
§.47530973733700E-13|_1486.9670 
§.42024184438000E-13] 1486.9680 
5.36575791153600E-13] 1486.9690 
5.31185093901000E-13} 1486.9700 
5.25851492720400E-1 
9.20574287632300E-13| 1486.97 10 
5.15352978657000E-13} 1486.9720 
5.10186865844700E-13} 1486.9730 
5.05075349215800E-13| 1486.9740 
5.00017828790700E-13| 1486.9740 
4.95013704619500E-13|_1486.9750 
4.90062376712700E-13 1486. 
4.85163245120400E-13| 1486.9770 
4.80315809843100E-13| 1486.9770 
4.75519370940900E-13| 1486.9780 
4.70773528424100E-13| 1486.9790 
4.66077582333000E-13| 1486.9800 
4.61431032687900E-13| 1486.9800 
4,56833379519000E-13| 1486.9810 
4.52284122856500E-13| 1486,9820 
4.47782562730800E-13| 1486.9820 
4.43328299172000E-13/ 1486.9830 
4.38920832210300E-13|  1486.9840 
4.34559561866100E-13| 1486.984 

4.30243988179500E-13| 1486.985 
723 _4.25973611180700E-13]1486.985 
724% 4.21748030880000E-13| 1486.986 
725 
726 
(27 
728] 4.05283377331800E-1 
729} _4.01274181004400E--1 
730] _ 3.97306881556200E--1 
731] 3.93381078997500E--1 
732] 3.89496173388300E-13 
733 _3.85651764729000E-13 


8 


3 


8 
8 


9 


693 


~> 
A. 
co 
oO 
To] 
8 


w 


69 
69 


Stata ||| Go| ~3| Go 


Je 


oak 
do 
Lor) 
fe) 
ie | 
=) 


aN 
Qi ND | > 
GW 


—_ 
oo 
[op] 
Ss 
3 


AUURURNER ERED 


ef me fee | me | ek | oa | J fi 1 1 OOO 


£0109 | “ITD | On| fe / Co IN} 2} | | Co] SI] cn 


Ge 
7 


NO 
CoRR] — 
7 


7 
735 


81 








Altitude | Density | MinTemp | MaxTemp | MinMW |) MaxMW[ MinCD | MaxCD 
743 
744 
745] 3.43336522032900E-13 
746] _ 3.40068535230600E-13 
747} 3.36833317141200E-13 
3.33630498059100E-13 
3.30459677984700E-13| 1486.9980 
3.27320656898400E-13|_1486.999 
3.24213034800600E-1 
3.21136511681700E-1 

0720 

0 


. 


7 
7 
7 
7 


O|oS 


3.18090787532100E-13| 1487.000 
3.15075462352200E-1 
3.12090136152300E--1 
3.09134708912700E-1 
3.06208780614000E-1 
3.03311951286300E-- 
3.00444 120890100E--1 
0740 


=) 


& 
oS 


~~ 
C1} OF] 1] on | | 


Pl nd bet bw d as 
enlienicn|onjor 
alo 


2.97604689465600E-1 
2.94793656973200E-1 
2.92010523423300E-1 
2.89255088816100E-1 
2.86527053151900E-1 
2.83826108837700E-1 
2.81151963229500E-1 
2.78504416713600E-1 
0 


| 


oi] 


Wit) 


2.75883160429800E-1 
2.73287782676700E-13 
2.707 18204581000E-13 
2.68174026123300E-13 | 
2.65655047303800E-13 
2.63160968103000E-13 
2.60691688491300E-13 
2.58246708498900E-13 
2.55825928086300E-13 
2.53429047253800E-13 
2.51055865980810E-13 
2.48706084271590E-13 
2.46379502110500E-13 
2.44075819494870E-13 
2.41794836413020E-13 
[7839 2.39536352852280E-13 
2.37300068813940E-13 
[7859 2.35085884276320E-13 
| __786§ —_2.328933992507 10E-1 2.960803966E-1 

787] _2.30722413726420E-13| 1562.2440 2.960515387E-1 

| 788 

| _789 


~~} 
Co |} 0o!oo 
CO) KD: — 


0 
2.28572927676720E-13| 1562.2450 2.960225809E-1 
2.26444441122900E-13} 1562.2460 2.959935223E-1 
| 7Q0F = 2.24336854047240E-13] 1562.2460 2.959643626E-1 
| 791} 2.22249966443010E-13! 1562.2470 2.959351005E-10 
| 792% = 2.20183578302490E-13] 1562.2480 2.959057352E-1 
2.18137389630930E-13| 1562.2480 2.958763166E-1 
2.16111300411600E-13 2.958468456E-1 

7959  2.14105010649750E-13! 1562.2500| 1571.1120| 14.72843748| 14.82670711} _2.953306384E-10| 2.958172675E-1 
796] 2.12118420330630E-13 2.957875814E-1 
2.10151229460480E-13 
798 
9 


ww 


un 
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| __ 7984 2.08203238034550E-1 
| ___ 799] 2.06274346039080E-1 
2.04364353472290E-1 
2024729603414 10E-1 
2.00600066633670E-1 
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Altitude | Density | Min Temp | MaxTemp | | MinMW |) MaxMW | MinCD | MaxCD 
| B05 1.95090182052480E-13] 1562.2560|1571.1190| | 14.68438739|  14.74276367|  2.952220087E-10| _2.955154146E-10 

80 

808] 1.89739892207250E-13| 1562.2570| 15711210] 14.65738287| 14.71689665| _2.951247200E-10] _ 2.954226347E-10 

809] 1.87990994422440E-13 
1.86259196036430E-13] 1562.2580| 1571.1220| 14.63919375| 14.69947228/ | 2.950592607E-10| 2.953601926E-10 
1,84544297050410E-13] 1562.2590| 1571.1220| | 14.63004276| 14.69070561| _2.950263484E-10|_ 2.953287922E-10 
1,82845897486560E-13 
1.81164097316070E-13 
1.79498696540130E-13 
1.77849395172900E-13 
1.76215993216560E-13| 1562.2620| 1574.1250| 14.58371889| 14.64632061| _2.948599384E-10| _2.951699706E-10 
1.74598590644280E-13] 1562.2620/_1571.1260| | 14.57433897|  14.63733215| _2.948262809E-10| _2.951378369E-10 
1.72996787478240E-13 
1.71410483712600E-13 
1,69839579341520E-13| 1562.2630| _1571.1270 14.54596602| 14.61014082| _2.947245457E-10/ 2.950406851E-10 
1,68283874370150E-13 
1,66743268790670E-13 
823 _1.65217462619220E-1 
824] 1.63706455841940E-1 
825 1.62210048462000E-1 
2660 
2670 
0 


Hk 


81 
81 
81 
81 


81 
81 
81 
82 


82 


826] 1.60726140475540E-1 
827] _1.59260531888700E-1 
828] 1.57807022707620E-1 
1.56367512928440E-1 
1.54942002537300E-13 


831 
| __835 


~~] | O> 


1.45340013132270E-13} 1562.2700| 1571.1350|  14.37839583/ _14.44946298| _2.941256179E-10}  2.944680348E-10| 
1.44020497991040E-13 
1.42713782246970E-13 
1.41419465929170E-13] 1562.2720|_1571.1360| _ 14.34759230| 14.41990893) _2.940158182E-10| _2.943629195E-10| 
1.40137649015760E-13 
1,38868131516840E-13] 1562.2720| 1571.1370] 14.32684604| | 14.40000083|__2.939419114E-10| _2.942921436E-10) 
1.37610813431520E-13 
1.36365494768910E-13 
1.35132075528120E-13 
1.33910555700240E-13 
1.32700635304380E-1 
1.31502314331630E-1 
1.30315492782090E-1 
1.29139970664870E-1 
1.27975747973040E-1 
1.26822624715710E-1 
1.25680500894960E-1 
1.24549176520890E-1 
1.23428751575580E-1 
1.22319026071110E-1 
0 
0 
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1.21219800017580E-1 
1.20131073408060E-1 
1.19052746243640E-1 
1.17984618536400E-1 
1.16926690279410E-1 
1.15878861474750E-1 
1.14840932133510E-1 
1.13812902250740E-1 
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Altitude { Density =| MinTemp| MaxTemp | MinMW | MaxMW | MinCD | ~~ MaxCD_ 
| 865 1.12794571837530E-13] 1562.2790| 1571.1440| 1407582203] 14.15889793| 2.930498326E-10| _2.934363720E-10| 
87 

87 

87 

874 

875 
876 
77 
1568.1920 
1568.1920 
1568.1920 
1568.1920 
1568.1930 
1568.1930 
1568.1930 
1568.1930 
1568.1930 
1568.1940| 1571.1490] 13.81347581| 13.90643981| 2.921202600E-10| 2.925398898E-10| 
1568.1940 
1568.1940 
g 1568.1940 
1568.1940 
1568.1950 
1568.1950 
1568. 1950 
1568.1950 
1568.1950 
1568.1950 
1568.1960 
1568.1960 
1568.1960 
1568.1960 
0 1568.1960 
1568.1970 
1568.1970 
1568.1970| 1571.1530| 13.56878114| 13.67048523| 2.912543892E-10| _2.917055925E-10 
90 1568.1970 | 
90 1568.1970 
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1568.1980 
91 1568.1980 

1568.1980 13,5924558 
1568.1980 13,57928643 
1568.1980 13.56606937 
1568.1980 13.5528046 2.912895605E-10 
1568.198 
91 1568.198 
91 1568.1990 
91 1568.19 

1568.19 
2 1568.1990| 1571.1550|  13.36356982| 13.47222702| _2.905285093E-10| 2.910046768E-10| 
1568.1990 
2 1568.1990 
1568.1990 
92 1568.1990 
92 1568.2000 
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Attitude | Density | MinTemp | MaxTemp || MinMW | MaxMW | MinCD_ | MaxCD 


| 928 
| 929 
6.35855391933300E-14 
6.30383292910800E-14| 1568.2000 
6.2496 1690422300E-14/ 1568.2000 
6.19590184497900E-14/ 1568.2000 
6.14268175158000E-14|1568.2010 
6.08995362422700E-14| 1568.2010 
6.03771046342200E-14| 1568.2010 
9.98594926906900E-14| 1568.2010 
5.93466504156900E-14} 1568.2010 
§.88385378112400E-14| 1568.2010 
5.83350948813600E-14/ 1568.2010 
5.78362816270800E-14| 168.2010 
5.73420580514100E-14| 1568.2010 
9.68523741563800E-14) 1568.2010 
5.6367 1999440000E-14) 1568.2010 
§.98864754173000E-14| 168.2020 
9.54101705782900E-14| 1568.2020 
5.49382254300000E-14/ 1568.2020 
§.44706199734400E-14| 1568.2020 
5.40073042126200E-1 
5.35482281485800E-14) 1568.2020 
§.30933617843200E-14| 1568.2020 
5.26426551228600E-14] 1568.2020 
5.21960881642200E-14| 1568.2020 
5.17535909134200E-14| 1568.2020 
5.13151533694800E-14 
§.08807255374000E-14 
5.04502574192100E-14 
9.00237290159200E-14 
| 959 
| 960) 
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| 965) 

967] 4.63558609443600E-14 

968] 4.59666498159000E-14 
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4.19116806414900E-14)_1568.2040 
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4.01984976769200E-14 
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|_Density | MinTemp| MaxTemp | _ MinMW | MaxMW | MinCD | _—sMaxCD_ 
| «990 
| «991 
992 
4 
4 
















99 
9 
____ 1000f|_3.52097568464400E-14] 1568.2050| 1571.1610| 12.11442390| 12.25748125] _2.861033797E-10| _2.867007992E-10 
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C. RESULTS FOR 50™ QUANTILE (MEDIAN) OF ATMOSPHERIC DENSITY 


[Altitude | _Density | Min Temp | MaxTemp || MinMW |) MaxMW | MinCD | MaxCD 
eres) 
ae) 
| 2 
3 
| 4 
|S 7.32051336040816E-01| 235.5558] 267.9429] 28.95990926| 28.95994010| 3.702754572E-10|  3.702754613E-10 
7 
fee 
ae 
| 10 3.92363801306122E-01/ 203.9326} _-229.4133|  28.95990943| 28.95990991| 3.702754580E-10|_3.702754605E-10 
| tt 
2.65126960224490E-01 
2.31091924000000E-01 
1.98827315500000E-01 
__1.68389527500000E-01 
1.41583380000000E-01| 210.6125 __-224.9048|_ 28.95990945| 28.95990989| _3.702754582E-10| _3.702754603E-10| 
1.18103629775510E-01} 220.6194| 231.9310! 28.95990942| 28.95990990| __3.702754581E-10| _3.702754604E-10) 
|_ 204.8835] 230.3219|  28.95990936| 2895990997! 3.702754578E-10! _3.702754607E-10| 
8.25964122367347E-02 
4.96891532755102E-02 
4.2008568557 1429-02 
3.55450947979592E-02| 197.0456] 222.3911] 28.95990940| 28.95990992| _3.702754579E-10| _3.702754606E-10) 
27 
| 1.32322143700000E-02| 205.2511] 236.1160 28.95990946| 2895990988] 3.702754582E-10| _3.702754603E-10 
1.12417470050000E-02 
9.56369073500000E-03 
8.15646320000000E-03 
6.97423540500000E-03 
§.97952854000000E-03 238.0055] _ 251.5810] 28.95990956| 28.95990977| 3.702754588E-10| _3.70275459BE-10 
5.14049172500000E-03] 251.4518] _ 254.3276] 28.95990950| 28.95990979| 3.702754586E-10| _3.702754601E-10 
4.43105799000000E-03| 222.6091] _ 258.4453] 28.95990945| _28.95990987| _3.702754582E-10| _3.702754604E-10 
3.82919740500000E-03 
3.31748123500000E-03} 246.6156] _ 263.5361] 28.95990940| 28.95990993] 3.702754579E-10| _3.702754606E-10 
2.88197 163000000E-03 
2.52349591500000E-03 
2.21724003000000E-03 250.3556] _268.8215| _28.95990954| 28.95990977| _3.702754587E-10| _3.702754599E-10 
1.95188750000000E-03 
1.72096230850000E-03/ 242.5611; 270.0129/  28.95990950|_28.95990985| _3.702754584E-10| _3.702754601E-10| 
1.34415095100000E-03 
1.19060779650000E-03 
1,05611810850000E-03| 255.1902] 266.0656) 28.95990939| 28.95990994] | 3.702754580E-10| _3.702754606E-10 
9.38039351500000E-04 
8.34164459000000E-04 
7.42650178000000E-04 
6.61933410500000E-04 
5.90504756000000E-04 
5.27164771000000E-04} 244.9878] 254.0152 28.95990948/ 28.95990987| _3.702754583E-10| _3.702754601E-10 
4.70876294500000E-04 
4.20698643000000E-04 
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Altitude | Density | Min Temp | MaxTemp | Min MW | MaxMW |) MinCD | MaxCD_ 
| 58 
| 59 
| 60 
| 62 
| 63 
| 4 
| 65 
| 66 
| 68 
| G9 1.02164020550000E-04 214.4387] 220.0197] 28.95544159|  28.95814615| _3.702830045E-10| _ 3.702908278E-10) 
78 
| 80 
82 
| 83 
| 84 
| 86 
| __ 86 
| ___—88 
| ___ 894] 4.04976995500000E-06] 159.5535] __195.1037|  28.88904821| 28.91707285| _3.702012075E-10| _ 3.703108770E-10| 
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Altitude | _ Density | Min Temp | MaxTemp | MinMW || MaxMW | MinCD_ | MaxCD_ 
120 
123 
124] 1. 8} 402.7510 523.1583] 25.24335390/ 27.24767904| 3.532837987E-10| 3.644507089E-10 
8] 412.6418] 526.3658] 25.18328976| 27.20257421| _3.529091284E-10|  3.642438550E-10| 
9] 422.2176] __541.9663/_25.09571516| 27.09409086| _3.527833021E-10| 3.638898264E-10) 
, 9] 430.8821} 568.6357] 25.00458405| 27.05602171| _3.522839835E-10| 3.637299962E-10| 
8.06673442346939E-09 
129] _7.42587837367347E-09 
130] 6.8552139257 1429E-09 
131 
132 
133 
135 
37 
138] 3.92049127897959E-09 
3.68589639428571E-09} 509.9926 
3.47043514714286E.09| 514.372 
3.27211365061225E-09| 519.534 
928.501 

2.92012925571429E.09| 547. 
2.781697 11000000E-09 
2.63578938500000E-09 
2.49899930000000E-09 
2.37072385500000E-09 
2.25124635000000E-09 
2.13979924000000E-09 
2.03569610000000E-09 
1.93832108000000E-09 
1.84712242000000E-09 
1.76160193500000E-09] 642.3628/ 910.9648] 22.83979985] _26.52967418| _3.395056468E-10| _3.609273995E-10! 
1.68131050000000E-09 
1.60584303000000E-09| 649.5603 
1.53483175750000E-09/ 652.9575 
15 . 
659.3985 
662.4448 
665. 
16 668. 
16 666.5436 
16 669.0912| _ 1003.7890|  22.19600154| 25.94672266| _3.357366781E-10| _3.582383520E-10 
671.9514 

673.9273; 1021.3510| _22.07403991|_ 26.12785295| _3.350206262E-10| _3.592626719E-10| 
. 
16 683.4983 
685.6 
16 687.8043 
7 689.8414] 1095.7110| | 21.77606155| 26.04337599| 3.332758924E-10| _3.588493168E-10 
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Density | MinTemp | MaxTemp | MinMW |) MaxMW | MinCD | MaxCD 
184 
| 186 
| 189) 
| 194] 
| 194 
197 
|____198 
| _-200 
3.02918949000000E-10 
2.94198708000000E-10 
2.85780820000000E-10 
2.77652759000000E-10 
2.69802349500000E-10 
2.62218165500000E-10 
2.54889264200000E-10 
2.47805295850000E-10 
2.40956524600000E-10/ 823.3023/  1269.3880| 19.60621896| 23.75801986| 3.206210421E-10| _3.459175293E-10| 
2.34333381900000E-10 
2.27927093300000E-10 
2.21729007 100000E-10 
2.15731099350000E-10 
2.09925636200000E-10 
2.04305148150000E-10 
1.98862602350000E-10 
1.93591337250000E-10 
1.88484875450000E-10 
1.83537110850000E-10 
1.78742147250000E-10 
1.74094379550000E-10 
1,69588472950000E-10 
1.45258658150000E-10 
1.41613374450000E-10 
1.38074441900000E-10 
1,34638213850000E-10 
1.31315324250000E-10 
1.28097185350000E-10 
1.24970749550000E-10 
1.21932936550000E-10 
1.18980852200000E-10/ 828.9024] 1292.0000| 18.49157468] _25.31540329| _3.137914749E-10| _3.531951162E-10; 
1.16111591450000E-10 
1.13322500750000E-10 
1.10610870100000E-10 
1,07974564800000E-10 
1.05410499550000E-10 
1.02916664400000E-10 
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Attitude | __Density | MinTemp | MaxTemp | MinMW || MaxMW | MinCD_ | MaxcD | 


| 246 

247] 9.36000113500000E-11 
9.14253097000000E-1 
8,93085525500000E-1 
8.72479784500000E-11| _ 826.8106 
8.52418606000000E-1 
8.32884870500000E-1 
7 4 


25 
25 
25 
29 


oio 


8.13862765500000E-1 
7.95521962000000E-11 
7.77694890000000E-11 
7.60325980500000E-11 
7.43401530000000E-11 
7.26908686500000E-11 
7.10834598000000E-1 
6.95759579500000E-1 
6.82358381000000E-11} 826.3541} 1280.3150|  17.56503121| 2252251685] _3.082832248E-10| 3.380918435E-10| 
6.69268879500000E-1 
6.56481391500000E-1 
6.43987847500000E-1 
6.31779821500000E-1 
6.19850501500000E-11 
267 
5.96796929000000E-11 
5.85657121500000E-11 
2709 _5.74766375500000E-11 
271 _5.64116908500000E-11] 850.8303] 283.0720! 17.62335538] 21.90454567| _3.086227019E-10| _3.348768216E-10 
5.53703058000000E-11 

2744 5.33556968000000E-11| 854.6831] 1286.3540| 17.49095077| 21.73982043| _3.077847619E-10| _3.330113331E-10| 
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276 
27 
278 
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| «280 
2819 4.69237772650000E-1 
4.60795348500000E-1 
4.52532685950000E-1 
4.44445224450000E-1 
4.365285 18300000E-1 
4.28778267350000E-1 
4.21190377400000E-1 
4.13760697800000E-1 3.387117583E-10 
4.06485430400000E-1 3,385473349E-10 
3.99360670100000E-1 
3.92382763300000E-1 
3.85548091050000E-1 
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3.78853225500000E-1 
3.72294722950000E-1 
3.65869340700000E-1 
3.59573860800000E-1 
3.53399869800000E-1 
3.47343211250000E-1 
3.41408318950000E-1 
3.35859484350000E-1 
3.30151319450000E-1 
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|____Density | Min Temp | Max Temp || MinMW | MaxMW | MinCD_ | MaxCD_ 

|___306 

| 308) 

30 

31 

31 
1 1 
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3 
31 
314] 2.67018752650000E-1 
904.6667 
904.6871 
918.8380 

2.50838171350000E-1 ; 
945.0928 
932.9946 
933.0195 
322] _2.35806119350000E-11| 927.3633 
323 903.7473 
324 903.7627 
325] _2.25227537850000E-11| 903.7775 
326] 2.21826311100000E-1 
327 
2.15203518750000E-11] 936.1165] 1435.8720| 16.68204097| 20.60834433| 3.030304845E-10| _3.273345814E-10| 
2.11979405500000E-11| 936.1530 
2.08811842500000E-11| 936.1886 
2.05699679200000E-11| 941.0391 
2.02641774950000E-11| 936.5573 
1.99637003950000E-11] 936.5751 
1.96684255250000E-11| 936.5924 
1.93782458500000E-11| 907.2213 
1.90930623550000E-11] 907.2321 
1.88127649350000E-11| 907.2425 
1.85372606150000E-11] 907.2526 
1.82664513700000E-11| 918.1738 
1.80002457100000E-11] 918.3446] 1459.3940| | 16.49635074] 21.52656161| _3.020623398E-10| _3.329416016E-10| 
1.77385466000000E-11] 939.8812 
1.74812645300000E-11| 941.9933 
1.72283135550000E-11| 935.6592 
1.69796046600000E-11| 935.671 
1.67350599200000E-11| 914.139 
1.64945953700000E-11| 914.147 
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914.164 
930.5683 
922.6861 
922.6941 
922.7018 
922.7093 
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970.6134 
970.6272 
970.6405 
970.6535 
970.6661 
981.3543 
981.3621 
981.5382 
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1.47084784450000E-1 
1.45013338250000E-1 
1.42975476700000E-1 
1.40970515600000E-1 
1.38997891055000E-1 
1.37056978770000E-1 
1.35147 163360000E-1 
1.33267882910000E-1 
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1.22601859675000E-1 


ree) 
~J 
nw) 
—_h. 
A. S 
a) 
SS 


ws 

op 

cn 
re) 
rs) 
ro 
S 
£ 


ul 
Oo 
~~ 


92 








Density | Min Temp | Max Temp | Min MW | MaxMW | MinCD_ | MaxCD 


| ___ 368 

374] 1.11370726050000E-11| 994.5133] 1548.3920| 16.28895031/ 21.58887028/ _3.007848304E-10| _3.331354730E-10 

379 
|____— 380 

38 
9.99449609150000E-12 
9.86127426250000E-12 
9.73006363400000E-12 
9.60083375850000E-12 
9.47353923650000E-12 
9.34815496750000E-12 
9.22464594900000E-12 
9.10298227800000E-12 
8.98312419900000E--1 
8.865047 15600000E-1 
8.74872169150000E-1 
8.63411844700000E-1 
8.52120321200000E-12} 1054.0860| _1532.6200| _16.23257049| _20.53813375| _3.007276001E-10| _3.270784085E-10| 
8.40995192550000E-1 
8.30033052550000E-12| 1052.7110|  1532.9950| 16.20643571| 20.45578986| _3.005486505E-10| _3.265790611E-10! 
8.19232024850000E-12 
8.08588723050000E-12| 1052.7320|  1533.3580| 16.18517909| 20.40752625| _3.004396867E-10| _3.262867793E-10 
7.98100795500000E-12} 1052.7420| __ 1533.5350| 16.17459534| 20.38347245| 3.003856653E-10|  3.261411122E-10 
7.87765880650000E-12 
7.78419696300000E-12 | 
40 
403] _7.58441829250000E-12 1052.4870/ _1529.0250| _16.13426984| 20.18515808| 3.001198820E-10| _3.249367565E-10! 
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Altitude | __Density | Min Temp | MaxTemp | MinMW |) MaxMW | MinCD | MaxCD 
432 
| 434 

436 
437 
439 
44 

4.63797095850000E-12 
44 
451 
452 


| 453 

| 454 
| 455 
| 456 
| _-458 
| ___-459 0 
| 460 
| 461 


J oo —s 


NO 


3.72643137125000E-12| 1081.2620|  1574.6270 _15.71614900| 19.53649967/ 2.979233809E-10| _3.210782067E-10) 
3.68195443825000E-12 


6 
47 

472] 3.22923279095000E-12 

474 
477 
478 
480 
| 482 
| 2.77082355470000E-12] 1197.7780| _ 1635.1290|_15.78495461| 19.07562003|2.985853658E-10| _3.182095480E-10) 
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Altitude | Density | Min Temp | MaxTemp | Min MW || MaxMW | MinCD_ | MaxCD 
493 

| 494 
| 495 
|____ 496 
497 

498 
2.32781056440000E-12 
2,30113253660000E-12 
2.27478440100000E-12 | 

503f  2.24876140965000E-12 
2.22305983945000E-12 
2.19767495730000E-12 
2.17260254005000E-12 
2.14783786450000E-12| 1219.0060 
2.12337772740000E-12}_ 1219.0180 
2.09921742040000E-12| 1219.0290 
510] 2.07535323525000E-12| 1219.0410 
511f_2.05178098345000E-12| 1206.0700 
S12] 2.02849645670000E-12| 1206.0730 
5134 2.00549699140000E-12)_1206.0770 
1.98277738410000E-12}1206.0800 
1,96033445630000E-12| 1206.0830 
1.93816504930000E-12} 1206.0870 
1.91626446960000E-12| _1206.0900 
1.89463007340000E-12|1206.0930 
1.87325818215000E-12!_ 1206.0960 
1.85214514700000E-12| 1207.7770 
1.83128729930000E-12|_1207.7800 
1.81068200515000E-12| | 1225.4860 
1.79032510575000E-12| 125.4960 
1.77021395730000E-12|_ 125.5050 
1.75034492085000E-12| 125.5140 
1.73071485255000E-12 
1.71132112840000E-12| 125.5320] 1575.0600| 15.34284314| 17.91866711| 2.969173378E-10| _3.112909732E-10 
1,69216011440000E-12 
1.67322867165000E-12 
1.65452469105000E-12 
1,63604454355000E-12 
1.61778510015000E-12 
1.59974375170000E-12 
1.58191788905000E-12 
1.56430489810000E-12 
1.54689890250000E-12 
1.52969295215000E-12 
1.51269129840000E-12 
1.49589133705000E-12 
1,47929146895000E-12 
1,46288808980000E-12 
1.44667910535000E-12 
1.43066190645000E-12 
1.41483440875000E-12 
1.39919351295000E-12 
1.38373763475000E-12 
1.36846367485000E-12 
1.35336955385000E-12 
1.33845304880000E-12 
1.32371005080000E-12 
1.30913968805000E-12 
1.29474090600000E-12 
1.28051060535000E-12 
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Aistude | Density ___|MinTemp| MaxTemp | MinMW | MaxMW | MmCD | __MaxcD_ 
[554] 1.20644721665000E-12| 1236 3080] _ 1674.8780| 1533102873] 1746027941] 2.966030513E-10) 3086677745510 
5 
5 
[71'10806274641500E-12| 1256.6150] —1575,0000| 15 10666631] 17 32868745] 2 959716410E-10| 307770151510 
5 
57 
572 
574 
575 
576 
577 
578 
379 
581 
9-12503606360000E-13 
5 
589) —8.64646681805000E-13] 1272.9720| 1557 6420] 14.93907628| 16 86377154] 2.957756389E-10] —3.051403341E-10 
-—~s90) ~8.55387307060000E-13] 1272.9760| 1557 6530] 1492675071] _16.87358240| 2.952336008E-10] —3.050828875E-10 
592 
[sad] —8.19362885950000E-13] 1279.0750) 1557 6990] 14.92908111] 16,64073254] —7.062497626E-10| —3.032973821E-10 
[595] 8. 10611641240000E-13)_1279.0780| —1567.7030] 1491784581] ~16.63273074] 2.952079781E-10] —3.032500389E-10 
[soe ~8.01959728870000€-13|_1279.0800| —1567_7130] _14.91015460| —16.99342793] 2951660338610] —3.058876152E-10 
597 
-—~seaf ~7.84947758980000€-13| 1279.0850| —1567_7320| —14.88750231] 16 97206746] 2.9508 16501E-10] —3.057667439E-10 
[/~ sai) —7.76585643840000E-13]_1279.0860| 1557-7410] 14 87608034] 16.96145489] —2.950392084E-10] —3.057067750E-10 
- coo} —7.68317733325000€-13] 1279.0900| 1557-7500] 14.86461844] 16 95088749] —2.949965988E-10] 3.056471 186E-10 
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Altitude [Density | Min Temp | MaxTemp | MinMW |) MaxMW | MinCD_ | MaxCD 
| _-616 
| 618) 
|___ 619) 
62 

621f 6.14599927140000E-13 

622} 6.08145112030000E-13] _1278.7270 

623] _6.01761959795000E-13|_1278.7280 
§.95449450535000E-13)_1278.7300 
5.89207068855000E-13|1278.7310 
5.83033289855000E-13|_1278.7320 
5.76928609625000E-13| _1298.0950 
5.70890998265000E-13) 1298.0980| _1562.2950| 14.70948833| 1631086256] 2.946315491E-10] _3.017700065E-10, 
5.64919941370000E-13)_1298.1020 
5.59015430525000E-13]_1298.1050 
5.53175436820000E-13} 1298.1090 
5.47400456840000E-13)1298.1120 
541688967 170000E-13/ 1301.0160 
634] _5.36040454395000E-13 
635 , 
636 
637 
638 
5.03429909795000E-13 
4.98201826395000E-13 
4.93031056475000E-13|_1290.8770 
4.87916886105000E-13]_1290.8770 
4.82858754340000E-13] _1290.8780 
4.77855997255000E-13/ _1290.8780 
4.72907902900000E-13| 1290.8780 
4.68013908845000E-13] 290.8790 
4.63173353640000E-13| 1290.8790 
4.58385543670000E-13!_1290.8800 
4.53649796220000E-13] _1289.3160 
4.48965660215000E-13]_1289.3170 
4.443325747 10000E-13]_1289.3180 
4.39749928260000E-13| 1289.3190 
4.35217159920000E-13| 1289.3200 
4.3073365923S000E-13} 1289.3210 
4.26298966260000E-13| 1289.3210 
4.21912369540000E-13/_1289.3220 
4.17573460125000E-13| _1289.3230  1562.4550| 14.38189553| _16.02860039| _2.935152945E-10] _3.004305122E-10 
4.13281627560000E-13]_ 1289.3240 
4.09036311395000E-13| 1289.3250 
4.04837003165000E-13]_1289.3260 
4.00683192425000E-13| 1289.3260 
3.96574370710000E-13] 1295.1410] 562.4750] 14.31436083| | 15.98441265|  2.932733057E-10| 3.002178782E-10 
3.92509978065000E-13 
3.88489556525000E-13 
3.84512546135000E-13 
3.80578488435000E-13 
3.76686925955000E-13]_1295.1420 
3.72837349240000E-13]_1295.1430 
670] 3.69029250320000E-13] _1298.5450 
671] 3.65262221235000E-13| 1298.5450 
6725 3.61535703515000E-1 
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[Altitude J Density | MinTemp | Max Temp | MinMW |) MaxMW | MinCD_ | MaxCD_ 
| 3.40003414740000E-13] 1301.6360/  1562.5280| 14.14135482| 15.90408966] _2.925039635E-10|  2.995947623E-10/ 
682 
683 
| ___-685 
689 
2.97860995560000E-13 
2.94856324320000E-13 
2.91883624510000E-13 
2.88942539660000E-13 
2.86032765780000E-13 
2.83153896395000E-13 
2.80305576025000E-13 
2.77487550685000E-13 
2.74699413900000E-13 
2.71940861680000E-13 
2.69211538050000E-13 
2.66511139020000E-13/ 1306.3550|  1562.5930| 13.83463993/ 16.00090604| _2.914699289E-10| 3.003646962E-10| 
2.63839308615000E-13 
2.61195792850000E-13 
2.58580237235000E-13 

7 
70 
70 
70 
71 
71 

712] 2.41028741045000E-13 

713 2.38626053205000E-13 

7149 2.36248635650000E-13 

715] _ 2.33896234395000E-13 

716} 2.31568595950000E-13 

717} 2.29265466825000E-13 

718} 2.26986491540000E-13 

719% 2.24731467600000E-13 
720} 2.22500141515000E-13 

721] 2.20292208305000E-13| 1312.5550] _1562.6310[_ 13.55110764} 1585684923] | 2.903743711E-10| _ 2.996825956E-10 

722] 2.18107414975000E-13| 13125560] 1562.6330) 1353376035] 15.84928355}  2.903135299E-10|  2.996474695E-10| 
7234 2.15945508035000E-13 

724] 2.13806284000000E-13/ 1312.5580| _ 1562.6360| 13.49883179| 15.83415027| _2.901910539E-10| 2.995774152E-10 
725} _2.11689489875000E-13 

726] 2.09594821175000E-13 

728 
733 
| 4.91698729175000E-13] 1320.6200|  1562.6530 1344073526] _15.75076448| 2.900118953E-10| _2.991962934E-10| 
73 

7374 1.87959386310000E-13 

738} 1.86164056545000E-13 

730} 1.84386841905000E-13 
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Altitude [Density | Min Temp | MaxTemp | MinMW |) MaxMW |) MinCD | MaxCD 


: 
744 
746 
754 
755 
756 
|__ 1.50901897280000E-13| 1329.4060/ 1612.8070| 13.08249976/ 15.81195311| 2.889194896E-10| 2.998442096E-10) 
76 
63] 1.46668373805000E-13 
64] 1.45285148595000E-13 
65] 1.43915371885000E-13 
1.42559198475000E-13 
1.41216545680000E-13 
1.39886817490000E-13| 1326.3340] 16128110] 12.91822738| 15.74820506| _2.883034810E-10| _2.995519989E-10 
1.38569224835000E-13 
1.37264773050000E-13 
7714 1.35973257165000E-13| 1326.3350| __ 1612.8130| 12.86160432| 15.72425705| _2.880997194E-10]  2.994433173E-10! 
| 1.33428573150000E-13} 1326.3350/ _1612.8140| | 12.82353498] _15.70827287| _2.879627449E-10! _2.993711049E-10) 
774} 1.32175198565000E-13] 13263350] 1612.8140| 12.80440574| 15.70027426| 2.878939234E-10| _2.993350669E-10 
775] 1.30934197945000E-13| 1326.3350| _ 1612.8150| 12.78521199] 1569227082] _2.878248817E-10| _ 2.992990723E-10! 
|__1.28489006690000E-13] _1326.3350} _1612.8150|  12.74663666) 15.67624908| 2.876861240E-10| _2.992272097E-10 
|__1.26092025579500E-13]_1326.3360| _ 1612.8160| 12.70780983| 15.66020492| 2.875464812E-10| _2.991555043E-10 
782 
788 
790] 1.13726559362000E-13| 1347.7750| _1612.8200| _12.52200095| _15.57146645| 2.867969726E-10| _2.987634581E-10) 
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Altitude J Density | MinTemp | MaxTemp || MinMW |) MaxMW | MinCD_ | MaxCD 
| 805 
80 
807] 9.70735995330000E-14 
808] _ 9.61780283625000E-14 
809] 9.52911491220000E-14 
810] _9.44129608215000E-14 : 
811} 9.35433615205000E-14 
8129 9.26821483280000E-14 
813] 9.18293708035000E-14 
9.09849270065000E-14 
9.01486646450000E-14 
8.93204818280000E-14 
8.85004282140000E-14 
8.76883009120000E-14 
8.68840486300000E-14 
8.60876200760000E-14 
8.52989135075000E-14 
8.45178775335000E-14 
8.37443599610000E-14 
8.29783600970000E-14 
8.22197761000000E-14 
8.14685567770000E-14 
8.07246004350000E-14 
7.99878053810000E-14 
7.92581204220000E-14 
7.85355448650000E-14 
7.78199265665000E-14/ 1356.5140| __1612.8310| 11.69784768| 15.22820659| _2.843207595E-10| _ 2.973118731E-10| 
7.71111638630000E-14] 1356.5150| 1612.8310| 11.67570584]_15.21949211| 2.842422120E-10| _ 2.972761942E-10| 
7.64093066710000E-14 
7.57141522870000E-14 
7.50257506370000E-14 
7.43439496270000E-14 
7.36687486135000E-14 
7.20999955520000E-14 
7.23377403485000E-14 
7.16817804585000E-14 
7.10321657880000E-14 
7.03887948420000E-14 
6.97516165760000E-14 
6.91205294455000E-14 
6.84954824060000E-14/ 1355.6190| 1560.7570/ 11.38414111|  14.83757794|  2.832463723E-10|  2.952860253E-10 
6.78764750120000E-14 
6.72633552190000E-14 
6.66561225815000E-14 
6.60547261045000E-14 
6.54590642435000E-14 
6.48691366520000E-14 
6.42848417855000E-14 
6.37061287480000E-14 
6.31328960445000E-14 
6.25651937790000E-14 
6.20029205555000E-14 
8574 _6.14459748790000E-14 
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| 5.66664232980000E-14| 1341.2620| _1560.7730| 11.16189259|_14.63254301| 2.820593595E-10] _2.945237886E-10 

867 

868 

872 
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774 _5.13554204315000E-14 
9.08996332535000E-14} 1341.2620|  1560.7800| 10.70918272|  14.50762580| _2.806587407E-10| _2.940618609E-10 
9.04480961915000E-14 
5.00008492495000E-14 
4.95578265300000E-14 
4.91189823355000E-14 
4.86842809695000E-14 
4.82536767840000E-14 
4.78271391820000E-14 
4.74046173665000E-14| 1341.2630| _ 1560.7850 _10.51919436| 14.42101681| _2.799910926E-10| _2.937424901E-10) 
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4.49517090235000E-14 
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4.04433536725000E-14| 1358.5730 
4.00901293900000E-14]1358.5730 
3.97401994380000E-1 
3.93935383685000E-14|1358.5740 
3.90501156835000E-14| 1358.5740 
3.87099009840000E-14] 1358.5740 
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3.77081593690000E-14/ 1358.5740 | 
3.73804464310000E-14|1358.5740 
3.70557891370000E-14|_1358.5740 
3.67341518895000E-14| 1358.5750 
3.64155093890000E-14|1358.5750 
3.60998260380000E--1 . 
3.57870814880000E-14} 1358.5750 
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| Altitude | Density =| MinTemp | MaxTemp | MinMW | MaxMW | MinCD —|_——sMaxCD_—_ 
| __ 926) 3.33873757380000E-14| 1347.4650| _1577.5770| _9.56644183|_ 14.14725923| 2.766384608E-10| 2.925603480E-10 
92 
1347.4650 

1347.4650| _1577.5780 
g 1347.4650|__1577.5780 
9 1347.4650| _ 1577.5780 
9 1347.4650| 157.5780 
34 1347.4650| _1577.5780 
1347.4650| 157.5790 
1347.4650| _ 1577.5790 
1347.4650| —_1577.5790 
1347.4660| —_ 1577.5790 
1347.4660|_ 1577.5790 
1347.4660} _1577.5790 
1347.4660|  1577.5790 
-2.90914290705000E-14] 1347.466 
1347.4660|  1577.5790 
2.85978094000000E-14| 1347.4660 
2,83543954650000E-14| 1347.4660 
1347.4660 
1347 4660 
94 1347.4660 
1347.4660 
1347.4660 
1347.4660 
1347.4660 
1347.4660 
1347.4660 
95 1347.4660 
1347.4660 
1347.4660 
1347.4660 
95 1347 .4660 
1347.4660 
1347.4660 
2.45415263040000E-14| 1347.4660 
2,43352371265000E-14| 1347.4660 
1347.4660 
2.39282792205000E-14| 1347.466 
| _2.37275749935000E-14| _ 1347.466 

96 1347.466 2.733007229E-10 
9 1347.466 13.73294957 
2.31363533250000E-14| 1347.466 

970] _2.29428489585000E-14| 1347.466 
9719 2.27511064965000E-14| 1347.466 2.913022671E-10 
97 1347.466 
97 1347.466 
974] 2.21862632915000E-14| 1347.4660 
1347.4660 
1347.4660 
1347.4660 
2.14567486310000E-14| 1347.4660 
1347.4660 
8 1347.4660 
1347.4660 
1347.4660 
8 1347.4660 
1347.4660 
1347.4660 
1347.4660 
1347.4660 
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